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I NTRO DUCT' ION

Thel( Naval CivilI Engineeoring J,nhornt ory (NCEI1,) ha omlte test
and ''vn i at ion p rog ram for 2 - kVA imorphiois mi a 1 -cnovre t ruins f()rme s-
Amorphous metal -core t rais formr'rs save, energy by rediin g t rtis former
no- Ioa1 1 o5sCs by 601 to 70 pe mcoi t No-l oad losses are t he power Fe -

mu iredl to ene(,rgize, the transformer (ore and are constannt regardless of
uhee '.,)d on th- t rnnzformer. No-load I osses cost tdie. Navy m i I I ions of
dolla qrs anntall Iy. The Navy opera tes- approx imatel y 71), ()01 I iid -f ii eI d
(Iistriblit ion tranlsformers at. 150 leat ions. If al1l of- lhe Navy t rais -

formers were replaced hy amorphous met-a I-core t. rais formers, the Na\v
woul1d save, m illions a yea r. heprogram object. j y was to e'vaI iat.e' ilie
electricarl performanceo and operationail rel jab iIi ty of tHie amorphous
Met-a I -core- t rans forme rs compa red to cnlvent ioIn a 1 i I iconI - st eel' t rais -
fo i-me rs . Theo test and eval1 uat ion p rogr am was (-oiidict ed in i lie fo 11owin g
two phases.

Phase I

Inl Phase 1, the electrical andI ieclmin a) performance of t-hree
fene-ra Electric 25-kVA amorphouis, metal -core. transformers was compar-ed
with t-he electrical performance of two G;eneral Electric 25-kVA con-
vent ional sil1icon-steel. transformers. The, testing for tb is phase was
condiiic ted by West.inghoinse El .ct r i c Corpora tion us ing Amer ican Nat iona 1
S t-ai(la rrs I us t i tte (ANSI ) andl Nat ioiialIF lentr i c Maini c.tu rers Assoc iat ion

NEMA) stanidards, ait the West.ingioulse Ilist r unit ion Trannsformelr IDiv is ion

P int, At.hi--ns , Georgia.

Phase It

Ill Phalse HI, e lectr icall t.est.s , overland t rainsportat ion tests, aind
aiit ups i es were conduicteod by Gehera1l oc~r il five 25-kVA amorphious
metal -core t rans forme, s . An NCEI, devised 3-foot drop test and aultopsy
was tHieii conduicteod onl three of the transforiners . 'hie 1 ,e,rat ory test ing
for thiis phi-ie was conduict ed iusing ANSI ati( NFEMA sIadrd t He ;nirv
Elect nc Ihistrihit. ion Tranis forme r Dlivis ion plant, IHickory, Northi CarolinHa.

BACKGROUND

Amurphous mtails ai-e an euirely new class, of mtallic, mterial
whose duenli nauit. (:hiarnAitr ist ic is a laick of grain st ructiire. Ill thli
process of p rodi ncing amo)rphiolis met. a 1 s, a prop r ioet ary me It. n a 1 ov of

runi, heron, and s iIicnun is cool eid rapidlIy ait aI i-aIt' ef e I hiit 1 i IIionl
0C per sei~oirl so ha"t. crys t.a Is naiiuielt form. ins t ad, t lie cniis t i . iieit

aitems arrange themselves ini a ranidom falshiion, ?"i-a hr I ban ill th lier ust aI
lat t ices foiind- ill typical me aIs Fi plancti(l u-aI n 11 of this process,



ns ni ter i n I that. , Whorl ~l i I he ctore of ;I t ra 1!s fo rmer, reics 110-

I mid 1 )sses t o aboult 10 pe r-cerl t o f t 11050;( in aI lilil oit i oill I s i 1 I I:01-st o0 1
tranis fo rmer .

I'lio e Io ja '1 1 I ty q n1d por Formmice of nmiorplius metalI -rove Irn-toriners,
are expect ed( to he (lolnprai d0 to ,oilveilt. lonn I s i I i(101-ste(,,I rius form llors,
he(:ll se f-Vi rt I11 n I noif- cIiaiigvs Ihave-hoift b Ie ade inlL to co i I iii:A in in I at Il

s vs teorn. 1110l onl1y dii Froo I rei is tHe sli1)5t i t-it, ion or t ie mnoI e f ic ien

aqmorphliis metal -core nmater ila

PHIASE. I TESTS

Four types, of trvans formei- tests were Iolildlicted( ill Phalse I , I i nhiiliig
tile typical comi-mcial, des ign, ANSI/IEEE, (757. 1,2.90-1981) tests, and se(veral1

,,I(I ( i t i o iia I t es-t s de*-s i g i ed b11y NC~i. en Ig inIIe er s. 'I'll idillt. i * y ,objeoct ive
and -ass/ fa ;fi I cr ite ,rian f or the ( Pha, seo I test, Ls nare(Io- descr ibedo( i Ii th I 0 l ,fow-

i fig pa iai I lpl s

(.ormmcrc jul lest-s

1110( omyrnor iai tests: wei-e perrformed: (1) to dot erm illp tile trais-

former s e 1 ct i cal fermice( pairameters llpoi il iti ail rece ipt, before
('5 t i i, ( 2) to 0Iefflolls tri-te (loinm1 lilce( w it-it ilafio)I at e (laita or ('Olit ractima

agreemoilis , (111( (3) to i(!Oili ry aimy 5 lil if illilt. ciiaiges ill traisC for-

performa c haraIctelist ics aftei tile tvi-sforiners were s1111 ectoel to

ndivi dna' I esU et. For the- amorpilols. me a1 coe r s i1 1 on -

st 'elt ail frmes xam i 110, tile tests confsisted of tlie folIlow iig:

()h jb lect L i: heI'l turns rat io of thef( ti-als formllr is tile rat io of

t11 t i if the inigil-vol tiago w in iiilg to tilrns ill tile( low-voltiage
w i illi i fig . 1110l of) ect i ye' o f t ile ra t i o tes''4t wa" t o deinous t. rateo

lat til i( a t io of tilrls ill tile( i1i igil -voI t aIge ai1ldi ls-)w-vonl tageP,

w i 11 ings was : c o re(,ct , s o t Ilant a g i veoIlI imTp resse -,o(IIi igi v olIt aIge
won (Ii pl-odiwl( t ho0 expect ed low Vol t.ig(' , ac-cord( iig to til if-a I-](

01 hil I i -volI I age w il I i I I t I I1-I1I t o(I ow - Vo I t I ae' t I rIIs

* 'aI, s/a i,, i IhCr i to'r i a: FIlI IoI l~ev o d rant i o olf I Ii pgIt v o It aige4 to iow

inlt a1ge( ilai1 to ho i, t 1l ill ) .5 flerl (el o f t Ill ' t ra IIIs F frme'r IlInI 1)l 1u 1

mar11k ilIg s.

Pnlarity Test-.

0 ). Oc t. j ye(,: Ti'le obj(c t i ye o f t Il I 1 a I it v t (,, t wa s to() leono -

t I Il t e, t Ila, t t be ( 1 (Is II ( polarI-i t v mil'Is onI t 1i c' t railis o rme I-

10 U I f, c t (,d( t Ill ar-1u.t Ia -I; i arigeme nIIt o f t 11 I rai T-lsI f o rmel-r w ild i I gs
'Ilioso (latal areP pati lrl mp)ort 'lilit kdlfll IWO 0i~1-11 t raii

formoIllvs areo operite0( ill pa raIl 1 e

* il s s/Fa i I1 Vri tt~.r ia: Thell polarit ie's o)f Illie %wirniing -eIi s
(II t 0-rin1(d f loin t es t ng , 11Ii l t () malt dl 1 the( po) Ir i t io' Os iowil oil



Applied Voltage Tests.

* Obj ect i ye: The ohj1 ee-L i ye o f tle app I i eil vol1t age teL w, at t o
stress thle major components of insulIat ion, and the inajor in-
sulIat ion between the w ind ings anid g round. Iwo types o f applIio
voltage tests were, made: Iiht-o- oIrntoCs (HIIAC)
,ij pi led vol tage tests, and Low-to-l igbi-to-I rio-to-Cas (IlI [C
applied voltage tests. In thIe IILIC tests, the tes't voltange w,].,
appi i ed to the ligb-voltage transformer huhi.~(wh i ch were
tied together), and thle low-vol tage huish ings, Whiichi were tied

together and grou~nded. InI thle MM', tests , a I11 low-volt age
hi ish ings were t ied togethIier and connected to the soirc e( vol1-
tage, and the high-vol tago huish logs wee tiled I oget her anid
grounded. The1.1 C tests stressed the i nsiiIat ion of the high -

voltage windings. TlieIIC tests stressed the low-voltage
W indlfings.

* Pass/Fail Cr iteri a: Tiler(, had to ho nio evdneof arc ing,
smo-ke,, buhhlI s, or a sudden icrease. in 'LstIc ci cirrreiit as

,a rsiu1lt of the appl ied pctlntfal . If suh vidence exist ed,
then troiihleshoot ing was requ ired to locate the source of the
p r-oh I vin.

Induced Potential Test.

" Obj ec Li ve: Th e obj ec t i ye o f the( idu ceod po ten11t i a 1 tes,-;t was- t o
stLress interwindi ng insitlIat ion structures,, as well a ,s port ions
of the maijor insul ation. TPhe test appl fed greater thanl rated

volts per turn to thle traws former, so that it was ruin ait hiighier
Frequency (400 H~z in this case-) to avoid core satmrat ion.

* Pass/Fail Criter ia: There sh-all he no evideuce of arcig, smr,k,,
hmmhle ,or a sudden increase in test- ci rcurit ciirreiit .as a resir 1t

Of appi'l ed ptential. If suc(-h evi oic xists , thlen t roubhleshoot ing
is requi red to locate the ,oiir.(, of thle pyroh 1 em.

No-Tond Toss/Fxciting Current Test.

* 0hject. ives : Thel( ohjec(t i ves, of t lie io- load l oss, alid (, Xc i t at ioul
current tests, were to determine: (1) the owe loss inl tile
trTans, forme r when ope rat irtig at rated volIt a ge and f(Imc hut

riot. suipply ing load; and (2) t lie exc itat ion currenplt requiil-ed to
ma inta in thle magne(tic' flux exc itat ion ill the t maumfom-mor uore.
No- load losses include moreo loss, deet closs,, an1d loss :1i
lie w inidinrgs due(, to vxc itiiig urrt . FOthI no- load losses anid

exc it ation cret shmoul d he dottm iuud ising5 siiiiiso ida1 I sourtces,
or hy correc(t inrg for the appliofd swuirco wave fiirrs as, (Iscr ihed
ill Sectionu 8 of ANSI/lF C537. 12.90- 11180.

* Pass/ FailI Cr iter ia: Not applI icahl' Iwr-iqo mea-su11remenlt s are
made arid recorded pe r Sec t i on R o-)f ANS I /I IFIFF (75 7. 12. 90 -I 989O.



Dlesig. l'est S

TlireI dos i gr teosts, were pe r formewd t cI (loi pre tl 1w florpllioiis liet nIi - or(,
trans for mors e111 tueidL s i I i conI)-st (,(, t r "I Ils forme'rs w ith r1Tespect. t o) 1d('qiqay

of tleo dos igil of t lhe i r comp-'nelt. pa,,rts., ri i it V t moot ass igied rat ings.,
and performance undi~er niormalI opt'rat i rig cond i t ion~s The t(s ts (:ins i s Ied
o f t ice fol lIow in1g:

Full-Wave and Chopped-Wave impulise-voltng, Trests.

" Objective: Thel( obje(-ct i v,' of the imrpnise -voltage test s was to
dleterm ine HeP ah i I i t y of tihe tra-ns forrier to wit list anil I igirt ilig
surges . Vo I tage waves w i l a rnom i na I f roiit_ of I . ') m :crosecoiris
aid a nom ina I t a i I t o iraI If va I nio o f 40 m i crosoccolds were appil d
to onach tevrm inalI o f a n iriri ie rg i 7.d t rails f or1me r. The f i rs t
a pp I i ed waveP was a reod iiced f ir 1 wa ve( whonse crefst va" 1 iP was t
pe rcen t o f t he( tra ns-forme r 's has i c ii11si I 1 a t i oilI( lvel' (1R311I) .
Th Ii s wa s f o I I owed by t wo ch opped wa ve0s o f 1 1 5 pe rcei V o1L0f t e
R31;.-(Chopp i ng was accompIi shed hy ius i rig a rodl gap in1 a i r,
adiis ted to arc after the crest, of thin voltage wave. The
driopped -wave app I i (at. ions Were fol lowed by a fill Iwave at 100
percent of the 1311-~ 'irel chopped wave strossel i nsrr at ion he-
tweeri turns rican the line end. The frill1 wave stressed i rrsn 1a-
t. ion be tweeii thre m iddlIe of the wind ing and g-oirnd . Os c i I I o -

grams were obtaine-d for app! jed voltage versus time, and for
neutral ciirrent verrors time.

" Pass/Fail Criteria: Agreement in voltage and current wave
shape hetweii tire init ial frll-wave reduced vol tage application
andl thre final 100 percenit fir 11-wave appIi cat ion iud i cate'd that
the trans former hand passed witiioirt daimage. Any rinoxp 1 a i nab I re
(I if fevreice i n wave shape irid i caited a f a i I ii i thier the,
Wind inrgs, tire major or m irior inrurI ation, or t lie bilsh i rigs .

NMT.

Ili ordeor to prey ide, aidd it ioria I assurance that t lie. amorphous metal1 -(lore
rais formers won 1( wi tlist atid I igut iiirig suirges , thle tests were performe'd

onl an ri iirg iz zd t r airs f irme r , arid a dd( it in erra I st res s tests were a dded( tol
i" t eSL. sequence . '['lie test soiieii'o incl1urded (iii thli follow ing order):

reidl icod fril 11-wax P cop wv tetst,, 400- liz i ridi iceri poteniitial1 t est
f rollt -of-wave i mpir 1so etest. ( vol tage way"IV is cliopp d he fore it. (--rest s)
4 011 -ifz inilliced poteont. ia I test., fill -wave- test,* 400-l[z induced pot eiit ia

e(st , artii ilI.AC arid ,111C applired voltage tests.

Winding Resistnnce Test.

0 Ohj vctL i y e: '['lie ohblecti ye of tile winrd inrg res i stance test was to
obtainl w irid iig 5 es istalice (dat a thaqt. will 1he used lateor: (I) t-o
ca Idill ate t lie I R component, of coniduictor I )sses , (2) to ca Ici rte
w inrding temperatures at. thec end of a teniperatiro rise test, arid

3) to ueas a base for assess hug poss ihn e damage ill f i el(
(ipe ratL ion . Tire w i nl inrg resqis t(ance t e t wa1s pefr fod iusinrg tire

procedulre- iii Sect on 5 of ANSI/lEYi: C5)7. 12.'0-l9RO.

4



* Pass/Fail Criter-ia: Not. app) icahic. Re~id iigs, wereo trl~eir.
caci nlit ions wore mnde to correoct for thli des i reo temperat 111-0
iqt which thp res istance vni lis were to hoe used, mid the (lit a
were applIi ed as roqui i rd.

fmpeda.ice Voltage/Load Loss Tests.

" Gb~ective: Tlir obeciv of the meac voltae/ load loss.
tests was to (leteorminep tire voltage reqi red to ci reirlat e the
rat (,( currepnt under shor-t-c iiri t. c(Ili t 1olS , a nd( the ( a s croc i i t dA

watt loss when the sou ree wis conflecte(1 to '-he r atod volt age
tanps. The impedance vo I'_ago cons istedI of anl eff rc t iv(- res i s-
t mecompori t c'-orres porir i rig t'o t ie 1 oid 1 os s s arid :I react i eo

component corresponld irug t o the I eakag, f Il ix I i ikiges, of t lie
w i l fig-,s

" Pas s/VFailI Critepr ia: Not app I i cab I Mon>easiremits wereo made(

per Section 'J.2.2 of ANSI/IFEE nn>17l-90 rd cil c1ii lt ionis
of the impedanice voltage. aIdI load loss watts; were made per

Section 9.4 of ANSI/IEEF C257. 12.90-1980. For- these tes'Is,
comparisons were mi(Ie betwe, u tire pe-r frir9ice of thre amorphous
ineti I -core trTans formers arid the sil1icoli-stee I ti-iris forinerls.

Temperature Rise Test.

* OJbject ive: The objective of the temperature rise test was to
(letermitie the maximum temperature rise (above the ambient.
temperature) of the winidings, and the insulat-ing flind iii the
transformer wheny the transformer was opeoratod at. max imim kVA
r - t i rig. irel( temperature rise test was .onduIct ed in accordanice
with the, pr-ocedureso in S-ct ion 11 of ANSI/IEEE C257. 12.90-1()80.

* Pa:; s / Vai I Cr itLe ria: lire avei-agc w ind i rig irid flIu id tepeor/it iire-(
r ise abhove( imb i cuT t ernperia tii r ,(oe I (I1 n ot ex uoeid 65 0(, orI t Ire
tevmpe rnt Ire - ris "'S pec(Iif id Iov (i t ie t ai-iis forme ruiamep )1a te- ( wlir iclh-
eveor is, s ia icr) . Tie Wio w i ni ng Iio t tes,'t s- p(-,t t ernp ra t ire - ( ori Id

riot exceedr 59 C{.

Auidihle Smund Fevel Test.

* Ohect iver: Tlhreobj i ye of r. li miii i hio e sound level test was
to (letermine th lieiidlib 1 sond ciiiittoci fr-om thli t rals for ncrl
wilr operated at rated vot 1geird fi cuue~j(Vrv, arid no 1aild
Sound level measurements were, s igri f iuait huciiise, excessi ye
sound- fr-om t rrs formers Uiii lie an annoyan-Tce' iil I-es idrit ia' or-
ot her- popi h1t ed areas. Akio, ex(es r ye sou levels may iii-

iii ('It( apalre it. proll ms ill thli t rrlis former c(re, a'.;bi is 1)o-,

or f ractuiird (-ore lIam i nt ins. A soir levelI meterI w it I I i

A-weigiit rig frorpiiercy networ!k was used for t li , mrieaiircnuenits5,

sinlce this type of weigfit irig hbe's I-T TI treprese t I (lie h i ii tV onf -I
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a nd 190 perceilt. of' rateod Il aond (,olduct t heit teosts t- eI tratIIs -
farmers werp inlstrumenoile as p roscr ibled in Sect ion 8 of ANS I/ I EEL,'
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* Pass/Fail Criteria: Thin transformers had to pass tile commercial
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regulat ion of t-he amorphous metl -core trailsformer had to ho
less than those. for tile. silicon-steel transformers. Also, tule

Ilercilt. off ic ionrcv of tie aunorpuouus mtanl-core tralis former lla3d
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maitch the nampplate vaI iis . TFilore liid to he no) clnin inl thel
oporat inig charanctor ist ics of tlio, trans farmers as a resi t of
tile test iiig.

PHIASE If TESTS

Anl a IItopSy cOrId1Iic t (1d oil two ninarploi is met a 1- core trin usfo rmer i lirring

Phase-" I test'jug revealed thait soill nmoi-plotis neti a i prt i cues rnd broken

I oos 0p rcon tie amo rphioiis meit a1 core . 111050s parit. iel os were fainid at t he
hot tam of [he( taInk, onl thli ills ide of t-he hat tam frame , and oil the coilIs.

It was" hol eyed,( tlit tluo prosonco of thense parlt ices ill the( oil wouild
reduice I lie coilI -to(-coi I insiuIa t, i on macrg i t.

A fteor a11 lil s I tests were camp let ed, the t raiis formers wore re -
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t jye, -11id Iiss tail it farina far th li Ihs II t et q ;lrv (Ilcsriiil iii tite

F'~ I)i~ ugpaIragrailhs.



Cross-Country Shipping Test

Objective: The objective of the cross-country shipping test

was to demonstrate that the fully encapsulated amorphous metal-

core transformers could withstand the shocks and vibrations

encountered in cross-country shipment by commercial truck with
no mechanical damage or change in electrical performance. For
this test, five amorphous metal-core transformers were shipped

by commercial truck from Hickory, North Carolina, to Port Hueneme,

California, and back to North Carolina by commercial truck.

Standard commercial packing and handling procedures were used.

* Pass/Fail Criteria: There had to be no visible damag( from
shipment. After shipment, the transformers had to pasq the

ANSI/IEEE Commercial tests, the ANSI/IEEE impedance voltage/load

loss test, and the untanking and in.,pection test.

ANSI/I.EE Commercial Tests and Impedance Voltagefload Loss Tests

Objectives: The objectives for these tests are described in
the corresponding Phase I test descriptions.

* Pass/Fail Criteria: The pass/fail criteria are described in

the corresponding Phase I test descriptions.

" Commercial tests consist of the following:

- Induced potential test per ANSI C57.12.90 - 1980 Sec 10.4.
- No-load loss/exciting current per ANSI C57.12.90 - 1980 Sec 8.

- Applied voltage tests per ANSI C57.12.90 - 1980 Sec 10.3.

- Impulse per ANSI C57.12.90 - 1980 Sec 10.5.

" ANSI/IEEE impedance voltage/load loss test per ANSI C57.12.90 -

1980 Sec q.

Initial Untanking and Inspection Test

• Objective: The objective of the initial nntanking and inspection

test was to determine the extent of mechanical damage, if any,
to the transformer core or internal strnict ire as a result of

the cross-country shipping test.

S PassFail Criteria: The criteria for passing the Lest was that
there had to he no evidence of flaking of the amorphous metal

within the transformer. In addition, there had to be no evidence
of mechanical damage to the t.ransformer internal structure that.

would impair the long-term, reliable operat ion of the transformer
as a result of cross-country shipment and return (iapproximately
5,000 miles).



Drop 'rest

* Objective: The objective of the drop test was Lo simulate the
shock that the transformer would receive if it were mishandled
and inadvertently dropped from a height of 3 feet (from the
bottom of the transformer tank) to a hard surface.

* PassJFail Criteria: The criteria for passing the test was that
the transformer had to pass the subsequent untanking and inspec-
tion test, and the post-drop commercial tests.

Post-Drop Untanking and Inspection Test

* Obiective: The objective of the post-drop untanking and in-
spection test was to determine the extent of mechanical damage,
if any, to the transformer core or internal structure as a
result of the drop test.

* Pass/Pail Criteria: The criteria for passing the test was that
there had to be no evidence of flaking of the amorphous metal
within the transformer. In addition, there had to he no evidence
of mechanical damage to the transformer's internal structures
that could impair the long-term, reliable operation of the trans-
former as a result of the 3-foot drop test.

TEST SEQUENCING

Proper test sequencing was an important aspect of the test program.
In order to minimize potential damage to the transformers during testing,
the resistance, polarity, phase relation, ratio, no-lead loss and excita-
tion current, impedance, load loss, and temperature risf tests were con-
ducted before the dielectric tests (which test the transformer insulation
levels) were performed. Also, in this transformer test program, the com-
mercial tests were performed upon initial receipt of the transformers at
the test facilities ud after each group of tests in which stressful con-
ditions were imposed.

Phase I Test Sequence

In Phase I, three 25-kVA amorphous metal-core transformers and two
25-kVA silicon-steel transformers were tested. The test sequence for
each transformer is listed in Table 1.

Phase I1 Test Sequence

In Phase T1, four 25-kVA amorphous metal-core transformers with fully
rncapsulated cores and one 25-kVA amorphous metal-core transformer without

an encapsulated core were tested. The test sequence for the transformers
is listed in Table 2.

If)



RESULTS AND CONCIUSIONS

Phase [

The identity, objectives, and -v.,/fiil 'ritaria for t.!e Phase I
tests are described in the Phase I test descript ions. The seqieii,.e 7f
testing for each transformer tested in Phase f is descrihed in the see-

tion on test sequencing. The results and conclusions from the Phase I
tests are provided in the. following paragraphs.

Commercial Tests. These tests were performed: (1) to determine the
electrical performance parameters of the transformers pon initial receipt
before testing; (2) to demonstrate compliance with nameplate data or Con-

tractual agreements; and (3) to identify any significant changes in trans-
former performance characteristics after the transformers wore sulbjected
to individual stressful tests.

" Commercial Test Results: The results of the commercial test.
are tabulated in Appendix A. All of the transformers passed

the commercial tests because they mot the test criteria speci-
fied for the applicable tests. For the amorphous metal-core
transformers, the largest. average change in no-load loss, load
loss, efficie-cy, and regulation between the initial tests and
the tests that imposed stressful conditions was 2.4 percent.
The maximum change in any of these parameters was a 7,0 percent
increase in no-load loss for amorphous metal-core transformer
serial number P217060-YZA after the 170 percent temperature

rise test.

" Commercial Test Conclusions: The conclusions from the results
of the commercial tests were that the transformers demonstrated
compliance with the nameplate data upon initial receipt, and
there wore no significant changes in transformor electrical
characteristics after being subjected to tests that caused
significant. stresses.

Temperature Rise Tests. These tests wore performed to determine the
maximum temperature rise (above the ambient. temperature) of the windings
and the insulating fluid in the transformer when the transformer was
opera ted at. loads equal to, and great~er than, the nameplate kVA rat.ing.
The amorphous metal-core I raisformrs were operated at. 100 percent and at.
170 percent of nameplate load. The silicon-stoel ( rains formors wore
operated at 100 percent and 150 percent of nameplate load.

Temperature Rise Test Results: The detailed results of the
temperatu|re rise tests are shown in Appendix R. The summarized
rosuilt.s are listed in Table 3 and illustrated in Figure 1.
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Temperature Rise Test Conclusions: The conclusions to be drawn
from the results of the temperature rise tests are as follows:

- At 100 percent of rated load, both the amorphous metal-core

and the silicon-steel transformers passed the temperature
rise test. Both of the transformer types had temperature
rises of less than the ANSI/NEMA requirement of 65 °C
temperature rise above ambient.

- At 100 percent of rated load, the temperature rise in the

amorphous metal-core transformer oil, low-voltage windings,
and high-voltage windings was significantly less than the

corresponding temperature rises in the silicon-steel

transformers.

- The temperature rises in the amorphous metal-core
transformers at 170 percent of rated load were roughly
comparable to the temperature rises in the silicon-steel
transformers at 150 percent of rated load.

The significance of the lower temperature rises in the amorphous

metal-core transformers is that, other factors being equal, amor-
phous metal-core transformers should have longer reliable operating

lives compared to silicon-steel transformers.

Audible Sound Level Test. The audible sound level test was con-

ducted to determine the audible sound emitted from the transformer when
operated at rated voltage and frequency and no-load. Sound level measure-

ments are significant because excessive sounds from transformers can be
an annoyance in residential or other populated areas. Also, excessive
sound levels may indicate apparent problems in the transformer core, such
as loose or fractured core laminations.

AudLble Sound Level Test Results: The audible sound level tests
were conducted on amorphous metal-core transformer serial number
P217059-YZA at 100 percent and 110 percent of rated voltage,
after the transformer had been subjected to short-circuit test-
ing. This worst-case condition was chosen to give an indication
of any possible loosening or fracturing of core laminations as
a result of the short-circuit test. The detailed test data are
shown in Appendix B. The summarized audible sound level test
data are listed below, and illustrated in Figure 2:

Sound Level at 100%
of Rated Voltage .. ......... .. 32.4 dB(A)

Sound Level at 110%
of Rated Voltage .. ......... 37.3 dB(A)

The ANSI/NEMA sound level limit at 100 percent of rated voltage is 48
dB(A). There is no ANSI/NEMA sound level limit at 110 percent of rated
voltage.
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* Audible Sound Level Test Conclusions: The conclusions from the
test results were that the tested amorphous metal-core trans-
former operated at a sound level that was substantially lower
than the ANSI/NEMA limit. The low sound level indicated that
no core damage was incurred as a result of the previously con-
ducted short-circuit test.

Radio Influence Voltage Test. Th- objective of the RIV test was to
determine the amount of RIV produced by the corona (local overstress) in
transformer insulation. RIV, as the name implies, may cause interference
to radio communications. Excessive corona also may be an indication of
insulation breakdown.

* RIV Test Resvilts: The test produced no radio influence voltage
at 100 percent and 110 percent of rated voltage.

RIV Test Conclusion: The conclusion from the test results was
that operation of the tested amorphous metal-core transformer
at 100 percent of rated voltage or 110 percent of rated voltage
would not interfere with radio transmission or reception.

Short-Circuit Test. The short-circuit test was conducted to
demonstrate the ability of the transformer to withstand the stresses
resulting from a short circuit applied on the transformer's primary or
secondary terminals. The test may be conducted by closing a breaker at
the faulted terminal, which would apply short circuit to a previously
energized transformer, or by closing a breaker at the source terminal,
which would apply energy to a previously short-circuited transformer.

Short-Circuit Test Results: The detailed test results are
shown in Appendix B. The summarized short-circuit test results
are listed below and illustrated in Figure 3 for amorphous
metal-core transformer serial number P217059-YZA when subjected
to a short-circuit current of 40 times the rated current.

Impedance Exciting Current
Chage . . Change _

As observed in before/after
commercial tests 5.3% 1.0%

As allowed per ANSI/IEEE
C57.12.90-1980 11.1% 25.0%

Measurements were also made of the first and sixth peak of the magnetizing
in-rush current. These values were 28.8 and 12.8 times the normal mag-
netizing current. The transformer passed the commercial tests both before
and after the short-circuit test. No damage attributable to the short-
circuit test wps found in a post-test autopsy.
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Short-Circuit Test Conclusion: The conclusion from the short-
circuit test results was that the amorphous metal-core trans-
former can be expected to withstand short-circuit current. of at
least 40 times the rated current, without. damage or significant

change in electrical performance parameters.

Full-Wave and Chopped-Wave Impulse Voltage Tests. These tests were
conducted to determine the ability of the transformer to withstand light-
ning surges. The test descriptions and pass/fail criteria are contained

in the Phase I test descriptions. The chopped wave stressed insulation
between turns near the line end. The full wave stressed insulation be-
tween the middle of the winding and ground. Oscillograms were obtained
for applied voltage versus time and for neutral current versus time.

Full-Wave and Chopped-WaveImpulseVoltageTest Results: The
detailed test resujtq nre contained in Appendix B. The test
sequence included the following tests: reduced full-wave test,
chopped-wave test, 400-Hz induced potential test, front of wave
impulse test (voltage wave is chopped before it crests), 400-iz
induced potential test, full-wave test, 400-Hz induced potential
test, and }ILIC and LHIC applied voltage tests. In order to
provide additional assurance that the amorphous metal-core trans-
formers could withstand lightning surges, the tests were per-
formed on an energized transformer, and additional stress tests
were added to the test sequence.

As stated in the Phase I test descriptions, agreement in voltage and
current wave shape between the initial full-wave reduced voltage application
and the final 100 percent full-wave application indicates that the trans-
former has passed without damage. Any unexplainable difference in wave
shape indicates a failure in either the windings, the major or minor in-

sulation, or the bushings.
As described in Paragraph 7 of Appendix B, two anomalies arose in

the full-wave impulse tests. To determine if the anomalies indicated a
fai lure in the insulat ion, the transformer was subjected to an induced
voltage test at 400-11z and the ILIC and 1,tlC applied voltage tests. The
transformer passed these auxiliary tests. Therefore, the transformer was
considered to lave passed the full-wave and chopped-wave impulse voltage

tests.

Full-Wave and Chopped-Wave Impulse Voltage Test Conclusions:
From the test results, it was concluded that the tested amorphous
metal-core transformer was able to withstand simulated lightning
surges, even when it was energized. It is noteworthy that these
tests were more severe than the unenergized tests prescribed in
ANSI/IEEE C57.12.90-1980.

Infrared Scanning Test (Transformer Energized). This test was con-
(dicted to ohtain, by means of an infrared-sensitive detector, a visual
indicat ior, of the amount of energy required to magnet ize the transformer
("ore. "he infrared scans of an energized amorphouis meta 1-core transformer
n.tf a :u1icon-steel transformer were compared.
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" Infrared ScanningTest Results (Transformer Energized):
Photographs of the infrared scan of the amorphous metal-core
transformer and the silicon-steel transformer are contained in
Appendix C. It can he seen that the intensity of radiation

from the amorphous metal-core transformer is less than the
intensity of radiation from the silicon-steel transformer.

Also, there are no visible hot spots in the infrared scan of

either transformer.

* Infrared Scanning Test C-onc.usions (Transformer Energized):

The test results confirm the results of the commercial tests,
which indicate that the core losses in the amorphous metal-core
transformer are less than the core losses in the silicon-steel

transformer.

Cold-load Pickup Test. This test was conducted to determine whether

heavy loading of a cold transformer had any injurious effects, such as
thermal instability, on the transformer. The conditions that the test

was designed to simulate are described in the Phase I test descriptions.
For this test, the transformer was placed in a cold chamber until the oil
temperature reached -34 0C. Then the transformer was energized at 200
percent load for 2 hours. This was followed by 6 hours of operation at

100 percent load. Watt loss was measured throughout the test.

Cold-Load Pickup Test Results: The detailed test results are
contained in Appendix B. In summary, within a relatively short
time, the losses stabilized at both loading conditions and re-

mained fairly constant throughout the remainder of each tent
iteration. Subsequently, the transformer passed the commercial
test.

Cold-Load Pickup Test Conclusions: From the results of the
tests, it was concluded that the tested amorphous metal-core
transformer can satisfactorily withstand being subjected to a
200 percent cold load when the transformer oil temperature is
-34 °C. Further, the transformer can operate satisfactorily
for an extended period at 100-percent load after the 200
percent load period. This realistic test demonstrated that the

transformer design is sufficient to adequately circulate the
transformer oil during a cold load. No damage to the trans-
former insulation is likely to occur as a result of hot. spots
caused by poor transformer circulation.

Saturation, Efficiency, and Regulation Tests. These tests were
conducted to compare the excitation current, no-load loss, load loss,

regulation, and efficiency of the amorphous metal-core and silicon-steel
transformers under loading condit ions of 50 percent, 100 percent, and 150
percent. of rated load. The tests were run as described in the Phase I
test descriptions.

. . .. ,,, i i.. a l a a t I~l i li I I 1



Saturation, Effici-ency, and Regulation Test Results:

- Saturation: The excitat ion current in the amorphous
metal-core transformer was significantly lower (0.25 to
0.5) than the excitation current in the silicon-steel
transformer for all loading conditions and all values of
secondary voltage. The test data are listed in tabular
form in Appendix D, and illustrated in Figures 4 through

7.

- No-Load Losses: The no-load losses of the amorphous
metal-core transformer were significantly lower than the
no-load losses of the silicon-steel transformer for all
loading conditions and all values of secondary vcltage.
At 100 percent of rated flux voltage, the no-load loss of
the amorphous metal-core transformer was 27 percent of the
no-load loss for the silicon-steel transformer. The actual
values closely approximated the nameplate values for both
transformers. The test data are provided in tabular form
in Appendix D and in Figures 8 through 11.

- Regulation: Both the measured and calculated percent
regulation of the amorphous metal-core transformer was
better (lower) than the measured or calculated percent
regulation of the silicon-steel transformer at 50 percent,
100 percent, and 150 percent load for both 0.8 and 1.0
power factors. The test data are provided in tabular form
in Appendix B for all loading conditions, and illustrated
in Figure 12 for 100 percent loading.

- Efficiency: Both the measured and calculated efficiency of
the amorphous metal-core transformer was better (higher)
than the measured or calculated efficiency of the silicon-
steel transformer at 50 percent, 100 percent, and 150 per-
cent load for both 0.8 and 1.0 power factors. The test
data are provided in tabular form in Appendix B and illus-
trated in Figure 13 for 100 percent loading.

The electrical parameters of the amorphous metal-core transformer
showed very little variation from previous values after the saturation,
efficiency, and rogunlation tests were completed. See Appendix A for the
deta iled resiIts of the commercial tests conducted before and after the
saturation, efficiency, and regulation tests.

* Saturation, Efficiency, and Regulntion Test Conclusions: The
amorphous metal-core transformer performed better in all tests
than thi silicon-steel transformer. There were no significant
changes in the electrical parameters of the amorphous metal-core
transformer as a resul t of the test ing.

Safe Transit (Shake and Drop) Tests. Theso tests were conducted to
demons t rat n that t he t. rnns former co I w it list nld the shocks and vibrat ions
oiicoiintored duir ig a siml1ated cross-country shipment, with no significant

16



mechan ical damage and no sign ificant change in ve ctr ical porformanco
characteristics. Two tests were run: (1) a 4-hour tost on the safe
transit machine at 160 rpm to simu late two cross-country shipments by
truck, and (2) a 4-foot drop of the transformer onto a hard surface (to
simulate inadvertent mishandling during transit). After the sha t e and
drop tests, the transformer was subjected to the commercial tests to (I-
tpct any changes in electrical performance and to an autopsy whore the
transformer core was removed from the tank and inspected for damage. The
pass/fail criteria are described in t.he Phase I test descriptions.

Safe Transit (Shake and_Drop) Test Results: The transformer
passed the shake and drop tests with no significant external
damage. When the shake and drop tests were completed, the

amorphous metal-core transformer was subjected to the commer-
cial tests. The transformer passed the tests with a 3 percent
drop in no-load loss, which was substantially less than the
allowed 10 percent drop. There were no significarnt changes in
the other electrical performance parameters of the transformer
(see Appendix A).

Safe TransitIShake and Drop) Test Conclusions: The pre-
I iminary conclusion from the shake and drop tests was that the

transformer passed the tests. See the antopsy test resilLts in
the following paragraph for further discussion of the test

results.

Post-Shake and Drop Test Autopsy. The post-drop untanking and

inspection was (lone to determine the extent of mechanical damage, if any,

to the transformer core or internal structures as a result of the drop

test.

Post-Shake and Drop Test Autopsy Results: When the t raisformer
was untanked, minor mechanicail damage to the tank bottom (a

bowed core/coil and cracked core/coil pressure plates) was
found. In addition, amorphous motal-coro particles were found
on the hot tom of the taruk, on the insidC of the bottom frame,
and on the coils. See Figuire 1 in Sect ion 8 of Appendix R.

Post-Shake and Drop Test Autopsy Conclusions: The criteria for

pass i hg the test were t.hat there had to be no ev i deuce of the

amorphous met.al flaking in the transformer core and there had

to le tno evidence of mechaliiical damage to the trans former ili-
ternal structures that could impair the log-term, reliable

operation of the transformer as a result of the drop test. The
mechanical damage to the exterior of the tank and to the inter-
nal core/coil support struictires was not considered to he serions
considering the severity of the test.

'lho presence of amorphous metal particles il tlie taik, oil the coils, and
in the tank oil was considered serious. '['he preseice of these part. clos

wo'ild reduce the coil -to-coil insulalt ion m;irgini of the t ransformer.
'horofore, it. was coiclided that the ti-nnsformor had notl passed the
post.-test, alntopsy.
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After ail Phase 1 tests were completed, the trnnsformers were rot. Lrned
the General Electric Company Distrihution Transformer Division plant,
Htickory, North Carolina. At. the suggestion of NCEL[ engineers, Conera
Electric devised a production-line change to completply orncapsilate the
core and correct thre problem.

Phase II

The identity, objectives, and pa.ss/fail criteria for the Phase I1
tests are described in the Phase I I test descriptions. The sequence of
testing for each transformer tested in Phase 1I is set forth in the Phase
I1 test sequence. The General Electric Company test data are coirtnainod
in Appendix E. rho results and conclusions from the Phase [I tests are

provided in the following paragraphs.

Cross-Country Test. The cross-country Lost was con(icted to
demonistrate that the amorphous metal-core transformers could witlistnnd
the slorks anid vibrations encounriLrod inr cross-country slhipment by (;om1-

moriai trick with no mechanical damage or change in electrical per-
formnnco. For this Lost., five 25-kVA amorphous metal-corpe transformers
were shipped by clommercial truck from Hlickory, North tCarolira, to Port
lienremv, Califrrnia, and back to Nortl CarOl iria by rommre riti l truck.
Standard commercial packirig ani handlirng proodirs were used.

( Gross-Country Test Results: From tire results of the post-
transport initnanking of tie transformers, there was no visibie

damagi from tie approximately 5,00e-milo trick t.ransport of the
trans formers . The resIts of the hofore and aftor commercial
tests indiratd no clanges in electricai performance parametors
that wore outside tiho allowed variat ions. 1he was rio indica-

tion of arnriorplins metal particl1 flaking ini thre four o n psilat i
tr-arsfnrmor I ifteen smQaI nirorphr,; metal part iclos wore
foIlnrd ini lia o t our :(olo tain nt i box of the roiner: anpsniilt i'd
t ra s former.

( Gross-Coun ry lest Conclusions: All five trnilstrnurs pns ed
tlie -ross-co"ri iy test , adrril tlie siseqirorit i-omirri ia I nl -Iril

tiiking and aut opsy tests (see Append ix A for the cmmorciai
lest rsr l ts). It was urth r rcoic lided tlhit t ho amorphous
metal-core tinsformers cnlld withstand the typical shocks and
v ibrat ions eroirritorprl ini c ross-coun-tivry ruck shipmont withorin

plysical dmlnage or sigri if:iant change ini electricai pniraLneters.

3-Foot Drop Test. Thre 3-fot drop I pst way urolirotei on three of
tl, trnrs formirs to s imulate tie shliock that tirt trinls form r woruld receive
if it wasi mishtandld, anld iiadv-rtrntlv dropped, from a hreight of 3 feet
(frii, tlie bot tom of t le ti raisformer tank) to a Ihaird sirrnfae. The test,

li>) 11111 ro, test dhat a, arid terost plont gralils ar- rniaiurd ini Appendix E.



* 3-Foot Drop Test Results: Teresuilts. of the drop test were as
follows:

- In all three trans Formers, tire t. ink bottom had bulged and
the bottom clamp had been bet, bit none of the embossed
areas of the containment. t ray were puntctutred.

- The top and bottom clanip assembliois of all three units

were very clean. There was rio ov ideuce of amorphous metal
particles.

- There were seven small amorphous metal particles in the
bottom of the nonencapsit a It 1rans -former c-ontainment box.

- There were four smal 1,i~morphowis metal particles ins ide the
bottom containment box oif onet of tue encapsulated t rans-
formers (serial number 1 2688-YP().

- There was oneP small qmorphou-, metiit particle ins ide, the
bottom COnta inImen1t l)X of t lie (atlher enTcapsullted trans-
former (serial number '38-P.

- There were no amorphiuou'- me; 11 part ic I es in the oil or the
ins ide of the tranisformf i t il' (f ii 1t1hiree t rans formers.

* 3-Foot Drop Test Cortc lusforts: l'ron? t ii 3-foot drop test results,
it was conic I tied that the, encnps i 1at( tIraius forme rs passed the
test. The s n aieof the eost resii1 ts is that. the amorphous
metal flauking prohlem exper fenced i ri t i,( dIrop tests of Phase, I
Ilas been sol veil.

1) 1 SCUSS I ON

NCFEL siii(:essfitl v ven fied the 10ic' i i ix'i per fo rMaTIc e af am r -

pholls mtl-oet ntlis formers ar-r : -im)Iiicii to~'t p''rmd . The amorphous -
me tal1 - coreo t runs f orme rs menwt o r oex (.eiaidcl r I i- AN4 1,1 I FiEE o r NE MA st ]ii (nard
for al 1 1tests .orilri.teil. The o rcir~ Ilf'? ii -()It c I ralns formers per-farmed

bet toer ill a] I toes ts Whel (Iorripa red to ( cciireii t j ici, i I Ii inn -steel t raris -

f orT-m i'Ts. Itt Idilit irT, N(.Ll VV i if it'd 01:1i HIP I](- 1(cad losses, of tile

a-montiiioll- ii.mtil-yore t (,rso'ne-iwreeii I lower than1 tlue v,- 111ies

CIa inemd by ( lie t rnrts fcirnrr nail f ,i tunej-or
D11r ilip Phae\ t-st inrg, aI prir 1 iii Ii- 'i aa with -ii molphow si" t ;l I

part hiIe reak inrg loosev f ram t ill, t u;iuus cuim 1 uric i c ' These pa t't ic 1 s Werye
foiiriil inn tHIe hottO t o f "1i0 t ink, oi tw li(u)f~ thue hot ton f ram!, and
on t he cri i Is- of tiho t rans forme r . Caru',c'cIlui'rut v I li a1 'motphairs co (' t runs-
for-mers fail 'd tihe safe t oas t tst. NITI 'iiyfstci a prauluict ian-I inl
ctihange to (GeneraIl eu r iF1111il , te(nieih u cu ( a1111t ' eliAj)li lilt fort of te

i -iris former core. Tbhis rocfnirnnitldutt c,)l i'.111 (lowit ci by lie 114enieya I

FElec( t ric( Companly . Sithiseof 1i11tu test rug i P11 c-, I I lo'niolst ratodi thait the

amorpiort met-al flaki rig pitohltr I 1em 1d hfc'u l'i tf (ia iu iorip letc n n-
cr~i ii I it i on of t he nmo rp1 I i t rnrs ,ii f ri i c



CONCLUS IONS

In every electrical p, rformance test, t,, amerpilous metal-core
transformers met or exceeded the ANSI/I-EE Or NEMA standard for the test.

The amorphous metal-core transformers also passed other more stress-
inducing tests, such as the energized impulse voltage tests, the front of
wave impulse test, the safe transit test, and the cold-load pickup test.

In every test where the electrical performance of amorphous metal-
core and silicon-steel transformers was comp,-ed, the amorphous metal-
core transformers performed better than the siliion-steel transformers.

The no-load losses of the amorphous m,tal-(_ore transformers were
equal to or lower than previous predict ions mado by the transformer
manufacturer.

The amcrphous metal flaking problem discovored in the Phase I tests
appears to have been solved effectively by tHit production-line modification
made at the suggesticn of NCEL engineers.

Based on the test results, it is reasonable to expect that the amor
phous metai-core transformers will operato with) equal or better reliability
than the silicon-steel transformers ovo t he nominal lifet.ime of a trans-
former.

RECOMFNDAT I ONS

Based on the results of tlhe tests, ti, ftllowing recommendations are
mcde:

I. Up to 500 kVA amorphous metal-core transformers should be procured as
replacements based upon life-cycle cost analysis for up to 500 kVA pol, -

chlorinated biphenyl (PCB) contaminated trinsformers and for replacement
of other transformers through 500 kVA roqiiring replacement due to age,
loading, or maintenance.

2. The development and commercial av¢ailability of iarger kVA-capacity
amorphous metal-core transformers shonld he , losoly followed.

3. As larg-r kVA-capacity transformers becomo commorcially available,
they shoild be procured as replacoment s Foir imi1ar size PCB-cont,minated
trans formers , and for rep 1 acemeIt of ot he -imilar-size transformers
requiring replacement due to ago, loadirig, (I t l tenanc .

4. All amorphous transformer cores "lloilld I)' tc ;pc if ieod as fully encap-
1 at d in ord(r to eliminate metal li fl ;i, mt
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FJTURE WORK

Amorphous metal-core transformers are an emerging new technology
that will meet the typical wide swings in Navy transformer load re-
quirements of no-load to full load. Currently, 25-kVA through 75-kVA
production-grade amorphous metal-core transformers are commercially
available. Pilot-line 75-kVA through 500-kVA amorphous metal-core trans-
formers are also available. Industry projections indicate that amorphouis
metal-core transformers will be price comparable in the 1990s and will
eventually dominate th transformer market.

NCI, will focus efforts on low core loss transformer technology due
to the potential of large Navywide energy savings. Eight three-phase,
pad-mountod, amorphous metal-core transformers (three 75-kVA units and
five 150-kVA units) are currently being field tested by NCFEI, at Pearl
Harbor, Hawaii. NCEI, plans to field test a 300-kVA unit at the Pacific
Missile Test Center, Point Mlgii, California.
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Table 1. Phase I Transformer Test Sequences

Amorphous Metal-Core Transformer Test Sequence

Serial Number Serial Number Serial Number
P217059-YZA P217060-YZA P217061-YZA

Commercial Tests a RIV Test RIV Test
Short-Circuit Test Commercial Tests Commercial Tests
Sound Level Test 100% Temperature Rise 100% Temperature Rise
RIV Test 170% Temperature Rise 170% Temperature Rise
C, imir~iai Tests Gommerciai Tegts Com~mrcia Tpcta

4-hour Shake Test Impulse Tests Cold-Load Pickup aTest
Commercial Testsa (Energized) Commercial Tests

4-Foot Drop Test Infrared Scan Regulation Tests
Commercial Testsa Efficiency Tests
Autopsy Saturation Tests

Commercial Testsa

Silicon-Steel Transformer Test Sequence

Serial Number Serial Number
P239216-YOB P239217-YOB

Infrared Scan 100% Temperature Rise
100% Temperature Rise 150% Temperature Rise
150% Temperature Rise Commercial Testsa
Commercial Testsa
Regulation Tests
Efficiency Tests
Saturation Tests
Commercial Testsa

aThe commercial tests included the ratio test, full-wave impulse

test, applied potential tests (11LIC and LHIC), induced potential
(400-Hz) test, no-load/exciting current test, winding resistance
test, and impedance voltage/load loss test.

bThe impulse tests (with the transformer energized) were conducted

in the following order: reduced full-wave test, chopped-wave test,
400-1z front-of-wave test, 400-Hz full-wave test, and 400-Hz ULIC
and LHIC tests.

25



Table 2. Phase II Transformer Test Sequences

Serial Number Serial Number Serial Number

P217059-YZAa P217060-YZAa P217061-YZA
a

Commercial Test Commercial Test Commercial Test
Cross-Country Test Cross-Country Test Cross-Country Test

Commercial Test Commercial Test Commercial Test

Autopsy Autopsy Autopsy

3-Foot Drop Test

Autopsy

Serial Number Serial Number

P2658 8 2 -YOBa 
P265885-YOB

a

Commercial Test Commercial Test

Cross-Country Test Cross-Country Test
Commercial Test Commercial Test

Autopsy Autopsy

3-Foot Drop Test 3-Foot Drop Test
Autopsy Autopsy

aAmorphous metal-core transformer with encapsulated core.
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Table 3. Summary of Temperature Rise Results

Amorphous and Silicon Transformers at 100% of Rated Load

Serial Core Top Oil IIV Winding LV Winding

Number Material Temg Rise Temp Rise Temp Rise
(C) (OC) (OC)

P217060-YZA Amorphous 39.1 48.9 47.5
P217061-YZA Amorphous 39.4 51.7 50.4
P239216-YOB Silicon 53.7 60.2 58.6
P239217-YOB Silicon 52.1 59.6 60.8

Avg Silicon Temp Rise (0C) 52.90 59.90 59.80
Avg Amorphous Temp Rise (0C) 39.25 50.30 48.95

Temp Rise Difference (0C) 13.65 9.60 10.85

Amorphous at 170% Rated Load and Silicon at 150% Rated Load

P217060-YZA Amorphous 101.71 127.5 122.4
P217061-YZA Amorphous 101.71 129.2 123.4
P239216-YOB Silicon 102.1 120.6 112.5
P239217-YOB Silicon 99.81 118.8 110.2

Avg Amorphous Temp Rise (0C) 101.70 128.35 122.90
Avg Silicon Temp Rise (0C) 100.95 119.70 111.35

Temp Rise Difference (OC) 0.75 8.65 11.55
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Appendix A

SUMMARY OF PHASE I TEST RESULTS FOR
25-kVA AMORPHOUS METAL-CORE TRANSFORMERS
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Appendix B

WESTINGHOUSE ELECTRIC CORPORATION ENGINEERING REPORT NO. 87-11

Reliability Testing of
General Electric Amorphous Metal Distribution Transformers
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PROPRIEIARY CLASS IIl - Unlimited Distribution

DID ENGINEERING REPORI #8/-11

Reliability Testing of 25 kVA
General Electric Amorphous Metal Distribution Transformers
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March 19, 1987

APPROVED: APPROVED:
D. W. Whitley D. W. McFiroy"
Mgr., ACI Product E.neering Division Engineering"igr.

APPROVED: R. R. rieber

ACT Project Manager

WESTINGHOUSE ELECTRIC CORPORATION
DISTRIBUTION TRANSFORMER DIVISION
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March 20, 198/

1 certify that the attached Engineering Report #81-IL is an accurate summary
of the testing done on three GeneraL Electric amorphous distribution
transformers and two GeneraL FlecLic silicon steel transformers provided by
N.C.E.1..

lhe tests which are specified by either ANSI or NFMA standards were done in
accordance with those standards. ihe other tests were done in accordance with
the N.C.F.L. statement of work. In the case of the drop test, the height was
changed from 5 feet to 4 feet at the request of N.C.F.L. personnel witnessing
the tests.

Samuel L. Carter, Jr., P.E.
rigineering
West inghouse Elect ic Corporation

/
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I. INTRODUCTION

"the United States Naval CiviL Fngineering I-aboratory (N.C.EI_.) engineers

are evaluating amorphous metal transformers as emerging new technology to

reduce electric baseload power consumption and as a PCB transformer

replacement." As part of this evaluation, the N.C.E.L. contracted with

the Westinghouse Distribution Iransformer Division (DID) to test and

evaluate three 25 kVA General Electric amorphous metal transformers

(N.C.E.L. Requisition #N6830[5-6359-//3L). Two 25 kVA ;eneral. Elect.ric

silicon steel transformers were provided for comparison testing. All

transformers were provided by N.C.F.L. and were returned to N.C.E.I.

following test and evaluation. In January 198/, Westinghouse DID began a

rigorous test program to determine the viability of amorphous metal

transformers for Naval use. lhis report contains the results of that

testing program.

II. CONCIUS IONS/RECOMMENDAI IONS

ihe three amorphous metal transformers tested arid evaluated by DID passed

all. tests. Amorphous metal transformers with wound cores are a viable

product and functionally suitable for applications such as reducing

electric baseload power consumption and replacing PCB transformers.

Ill. EXPERIMEN1AL PROCEDURE/RESUIIlS

A list is given in lable 1 of the tests performed on the transformers with

amorphous metal cores. Some tests were also performed on transformers

with silicon steel cores for comparison purposes. These tests are also

listed in Table 1. The test sequence for the transformers is given in

lable 2. Finally, the test descriptions and results are given in Sections

I through It.

925/R:8/bc/l R -5



1AR1 I [. I[STS PLR-FORMLD

25 kVA 25 kVA
/5 kV Bl. /5 kV -IL
Amorphous Metal. SiI icon SteeL lest Results/
lest Status lest Status fDescr ipDtion Sect ion

ANS [ "RO(U I I N." I F S I S

Rat i o 1
Polarity I P 1
HI IC I' P 1
I.HIC I P 1
400 H/ p P 1
No-Load I-oss/Lxciting Current C C I

ANSI "DISIGN" 1t515

Ful I Wave Impulse P P 1
Chopped Wave Impulse X 6
Winding Resistance C C I
Impedance/load l.oss C C 1
lemperature Rise F, H 2
Sound l..evel P X 3

ANSI "0]ttHERA" I11SIS

Radio Inftuence Voltage (RIV) P X 4
Short Circuit r x 5

AD~lItONAL IFSIS K

f rouit of Wave Impulse X 6
Lull Wave Impulse-Energized P X I
Chopped Wave impulse-Energized I' X /
front of Wave Impulse-Energized P X 7
Safe Transit lest (Shake & Drop) P) X 8
Infrared Scanning-Energi.zed C C 9
Cold Load Pickup P X 10
SatuJration Curves C C 11
Regulation & Lfficiency C C 11

P 2 Passed lest
F Failed lest

C lesLting Completed - No Pass/Fail Criteria Available
* See Same Test With Unit Energized
Q Qualified Pass
X 2 1his lest Not Part of lest Program for Silicon Steel Units

lhese lests are not defined or required by ANSI and/or NEMA Standards.
lhese tests were defined by mutual agreement with N.C.E.L. and specified
in the Statement of Work (pages 3, 4 & 5 of Requisition #N68305-6339-//31)
provided by N.C.E.L.
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U -ST_ DFSCRIP1 IONS AND RFSULTS

I. Distribution_ 1rans former Division, _(DID) Standard Tests

Ratio per ANSI C5/.12.90-1980 Sec. /
Polarity per ANSI C5/.12.90-1980 Sec. 6
Full Wave Impulse per ANSI C51.1.2.90-1980 Sec. 10.5
Applied Potential (HI IC & LHIC) per ANSI C57.12.90-1980 Sec. 10.3
Induced Potential (40 Hz) per ANSI C5/.1.2.90-1980 Sec. 10.4
NL Loss/Exciting CurrenL per ANSI C5/.12.90-1980 Sec. 8
Impedance/l.oad loss per ANSI C5/.12.90-1980 Sec. 9

ihese commercial tests are performed on each DID transformer before it is
shipped. In general the tests indicate the degree of consistency of
manufacturing procedures and processes and serve as a check on the quality
of the transformers. The amorphous metal transformers were commercially
tested upon receipt and at other times during the test sequence when
required. ihe amot'phous metal transformers all passed the "as received"
commercial tests (see Appendix A.1 for test reports).

2. 1emperatuire Rise

Per ANSI C5/.12.90-1980 Sec. 11

One coil of amorphous metal transformer P27059-YZA was sectioned to
determine HV and LV conductor cross-sectional areas. These
cross-sectional areas nere used in the calculation of the LV and HV
winding temperature rises for the amorphous metal transfO'Rmers according
to ANSI t51.1?.90-1980 Sec. 1.1.3.1.1. For the silicon steel transformers
at 100% load, the 1-V and HV winding temperature rises were calculated
assuming winding load losses less than 14 watts/lb. and using a 1°C/minute
after shutdown correction according to ANSI C5/.1.2.90-1980 Sec. ll.3.l.1.
lor the silicon steel transformers at 150% load, the winding temperature
rises were calculated using the cooling curve method according to ANSI
C5/.12.90-1980 Sec. 11.3.1.2.

lest results at 100% load were (test reports in Appendix A.2):

Serial Core lop Oil HV Winding LV Winding
Number Material _Ri-se (o f) Rise _lC)_ Rise CC)

'2I/060-YZA AM 39.1 48.9 47.5
P1?/061-Y/A AM 39.4 5L.1 50.4

P2392L6-YOBK Silicon St. 53.7 60.2 58.8
P123927/-YOB Silicon St. 52.1 59.6 60.8

AII of the above units operated under the ANSI 65°C temperature rise
limiL. ihe amorphous metal (AM) units operated at lower temperatures than
the silicon steel units. The temperature rises are a function of the
losses of the core/coil as well as the cooling surface of the tank.
Amorphous metal core/coils tend to be physically Larger than silicon steel
core/caiIs with the same design value for losses. lhe amorphous metal
units may be in Larger diameter tanks, as was the case here, and therefore
may tend to have lower temperature rises.

9-8925/R'8/bc/4t



It was also planned to make temperature rise measurementn, on the above
units at 1-0% load (not a required ANSi test). It was not possible to
test the silicon steel units at 110% load because the oil temperature
would have exceeded the flashpoinL. Therefore, the silicon steel units
were tested at 150% load. Test results were (test reports in
Appendix A.2):

Serial Core lop Oil HV Winding LV Winding
Number Material Load RiseCC Ri se C) R i se_ (C)__

P217060-YZA AM 170% 101.7 12/.5 122.4
P217061-YZA AM 1Y0% 101.-/ 129.2 125.4

P239216-YOB Silicon St. 150% 102.1 120.6 112.5
P239217-Y08 Silicon St. 150% 99.8 1L8.8 110.2

ihe above units passed commercial tests following temperature rise testing
(test reports in Appendix A.2).

3. Sound Level

Per ANSI C57.12.90-1980 Sec. 13
ANSI/IEEE Std. 141-1986
NEMA IRI-1980

Sound level tests were performed on an amorphous metal transformer after it was
subjected to short circuit testing (see Section 5). The sound level
measurements represented "worst case" conditions, since short circuit testing
could increase sound level by loosening and/or fracturing core laminations if
it were possible to do so.

Transformer P21/059-YZA had a sound level of 32.4 dB(A) at 100% rated voltage
(very low - only 0.1 dB(A) greater than semi-anechoic chamber) and 37.3 dB(A)
at 110% rated voltage. The sound level measured at 100% voltage is well below
the NEMA limit of 48 dB(A). There is no ANSI limit on the sound level at 110%
voltage. The test report is included in Appendix A.3.

4. Radio Influence Voltage (RIVJ

Per NEMA TRI-1980 Revision 2 Sec. 0.03 (Limits)
7.01 (Test Code)
10/-1964 Reaffirmed 1981 (Test Methods)

Amorphous metal transformers P21/059-YZA, P21/060-YZA, and P21/061-YZA produced
no RIV at 100% or 110% rated voltage (test record in Appendix A.4).

5. Short Circuit

Per ANSI C51.12.90-1980 Sec. 12

B-9
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ihe short circuit test results on amorphous metal transformer P2I/059-YZA are:

SC % Z % Io Inrush Current
Current Change/ Change/ X Normal
X Rated Limit limit Lst Peak 6th Peak

40 *5.3/ll.t *L.0/25 28.8 12.8

* As determined from before and after (W) standard commercial tests.

This transformer passed the short circuit test. Standard commercial tests
following the short circuit test and an autopsy of the transformer revealed no
damage attributable to short circuit testing. Short circuit and standard
commercial test results are in Appendix A.5.

Magnetizing inrush current tests were also done on this unit (see above
results). There are no industry standards on magnetizing inrush current
tests. 1he magnetizing inrush current measurements were made under conditions
which should have resulted in maximum peak inrush currenL.

6. Chpped Wave and Front of Wave pIulse

Per ANSI C51.12.90-1980 Sec. 10.5

Note that front of wave impulse is not a defined ANSI test for distribution
transformers.

in order to increase the severity of these tests, they were performed with the
transformer energized at rated voltage. See "Impulse Tests With Unit
Energized", Section J.

J. I~mpuLse. Tests with-- Unit_.nergi zed

Per ANSI C5/.12.90-1980 Sec. 10.5 except with unit energized at rated voltage.

These experimental tests, which are neither required nor defined by ANSI, check
the insulation strengLh of the transformer under simulated field operating
conditions.

F irsL, amorphous metal transformer P21/060-YZA received a reduced full wave
impulse on each 11V bushing to generate "baseline" waveforms for comparison with
full wave impulse waveforms to be generated at the end of the test. Then the
transformer passed 88 kV (1.6 psec to chop) chopped wave impulse and 135 kV
(.5 psec to chop) front of wave impulse tests. To doublecheck the chopped
wave and front of wave oscilloscope indications, the unit received and passed
induced voltage (400 Hz) tests after the chopped wave and after the front of
wave tests.

10- 1(0
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Next the transformer received the /5 kV full wave impulse tesl. ihe
oscilloscope figures (see Appendix A.') revealed two anomalies in the wave
shapes produced by full wave impulse. First, the full wave tails rose above
the reference line (Figures A.Y.4A and A.Y.4B) while the normal reduced wave
tails rose to the reference line (Figures A./.lA and A./.IB). Second, the full
wave in Figure 4A had a "kink" halfway between the peak and the reference line
while the normal reduced wave had a "smooth" curve from the peak to the
reference line. To determine if the anomalies signaled a failure in the
insulation, the unit was given an induced voltage (400 Hz) test and applied
voltage tests (HI_.IC and LHIC). The unit passed both of these auxiliary tests
and was considered as having passed the full wave impulse test. To conclude,
the unit passed chopped wave, front of wave, and full wave impulse tests with
the unit energized at rated voLtage. ihe test record is in Appendix A.!.

8. Safe Transit

Safe transit tests include a shake test (4 hours on the safe transit machine at
160 rpm) and a drop test (4 feet onto a hard surface). The drop test was
changed from 3 feet as specified in the N.C.E.L. Statement of Work to 4 feet at
the request of N.C.E.L. personnel witnessing the test. ihe shake test is
designed to simulate a transformer traveling twice the distance from the east
coast to the west coast in a transfer truck. The drop test is designed to
simulate a transformer being improperly unloaded from the back of a utility
truck. To pass the safe transit test, the transformer must complete the shake
and drop tests with less than or equal to a 10% increase in no-load watts. ihe
transformer also must pass DTD standard commercial tests after the shake test
and after the drop test.

Amorphous metal transformer P2L/059-YZA was safe transit tested. The shake
test resulted in no change in no load watts and the drop test resulted in a 3%
decrease in no load watts. ihe transformer passed standard commercial tests
after the shake and drop tests. The unit passed the safe transit test. Test
records and reports are in Appendix A.8.

B-1I
9251R:8/bc/i



After the safe transit test, the unit was autopsied. During the autopsy, some
mechanical damage was found such as a bent and distorted tank bottom, bowed
core/coil top frame, and cracked core/coil pressure plates. ihis type of
damage was not considered unusual in a 25 kVA transformer dropped from a height
of four feet. Amorphous metal particles were discovered outside the core
assembly. Specifically, they were found in the bottom of the tank, on the
inside of the bottom frame (see Figure 1) and on the coils. Even though the
unit passed the safe transit test and subsequent commercial tests, the presence
of amorphous metal particles in the oil environment could lower the dielectric
strength of the oil arid/or reduce the insulation margin of the coil. This
could be a greater concern in transformers operating at higher voltages than
this one, and could be expected to play a more important role as the insulation
system ages.

Figu'e 1. Amorphous Metal Particles Inside Bottom Frame

25/k : 8bc!8 I- 12



9. Infrared Scanning

An amorphous metal transformer P21/060-YZA and a silicon steel transformer
P239216-YOB were energized at various voltages and observed with infrared
imaging equipment. ihe observations were recorded on a video cassette
tape which was given to the N.C.E.L. ihis service was performed by
Pedascan Inc. of Foristel, Missouri. Infrared imaging gives a visual
indication of the relative amounts of energy iequired to magnetize the
different cores

10. Cold Load Pickup

A cold load pickup test was conducted on an amorphous metal transformer
P217061-YZA. This test was designed to simulate the following conditions:

1. Power outage in cold (=-350C) environment.

2. Replacement transformer brought from cold (=-35°C) warehouse to
restore service.

3. When service is restored, everyone turns on heat, appliances, etc.
This puts a heavy load on a very cold transformer with oil viscosity
much higher than normal.

The purpose of the test was to determine if the above conditions would
have any injurious effect, such as thermal instability, on the
transformer's operatioAi.

For the test, the unit was placed in a cold chamber at -38°C. After the
transformer oil reached -340 C, the unit was eneigized at 200% load (LV
winding shorted). Watt loss was measured for the next 2 hours. The load
was then reduced to 100% and watt losses were measured each hour For the
next 6 hours (test report in Appendix A.10.).

There was no indication of thermal instability. Further, the unit passed
all commercial tests (test report in Appendix A.IO.) following the cold
load pickup test. lo conclude, the transformer performed satisfactorily
during the cold load pickup test.

It. Saturation/ieou ation/Efficiency

lemperature Rise Tests per ANSI C5/.12.90 - 1980 Sec. 11
Saturation Curves per ANSI C5/.12.90 - 1980 Sec. 8
Regulation Calculations per ANSI C5/.12.90 - 1980 Sec. l4.4
Efficiency Calculations per ANSI C51.12.90 - 1980 Sec. L4.3

50%, 100%, and 150% load temperature rise tests were done on amorphous
metal transformer P217061-YZA and silicon steel trdcnsformer P239216-YOB to
obtain the data needed to plot percent regulation and percent efficiency
versus percent load (see Appendix A.11 for temperature rise test
records). Immediately after "shutdown" of each temperature rise test,
no-load loss/excitation current measurements were made to obtain
saturation curves for 50%, 100%, and 150% ileading conditions.

V - 1 3

925/R:8/bc/9



Saturation, regulation, and efficiency are functions of transformer design
parameters such as core design induction, core material, number of low
voltage winding turns, low and high voltage conductor sizes and materials,
etc. A comparison of the saturation, regulation, and efficiency of an
amorphous metal versus a standard silicon steel transformer (based on
units supplied by N.C.E.L.) yields the following conclusions:

1. From Tables A.11.1 through A.11.8 and Figures A.11.3 and A.11.4 (see
Appendix A.ll), the exciting current of the amorphous metal
transformer is less than the exciting current of the silicon steel
transformer for loads up to 150% and voltages up to 110% of rated
nameplate voltage.

2. From Tables A.ll.9 and A.ll.l0 and Figures A.11.5 and A.11.6 (see
Appendix A.11), the percent regulation of the amorphous metal
transformer is less than the percent regulation of the silicon steel
transformer for loads up to 150% and voltages up Lo 110% of rated
nameplate voltage at power factors of unity and 0.8 lagging.

3. From Tables A.11.11 and A.11.12 and Figures A.11.7 and A.11.8 (see
Appendix A.11), the percent efficiency of the amorphous metal
transformer is greater than the percent efficiency of the silicon
steel transformer for loads up to 150% and voltages up to 110% of
rated nameplate voltage at power factors of unity and 0.8 lagging.

Both transformers passed all commercial tests (see Appendix A.ll for
test reports) following the saturation/regulation/efficiency tests.

B-14
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REMARKS LA-a J ,,, (A ,, ,C&W7--

_____________________________________________ / SERIAL 0 f 2 -J9.

TIME AirTrt TEMP. HV. WINDING BY RESISTANCE TiME AFlER TEMP. LV. WINDING BY RESISTANCE

S UT OWN AM . RIDG E RATIO I S TEMP. COR C. AV . SHUTDOWN AM . IRGO E RATIO TEMP. ilON 7:
__________OHMS III IIFi TION TO WN.OM INT

--- TEMP. READING OR K by RES. T D TEMP. READING OR K OM Y r. T

MIN. @COC. smN. TEMP. . -1N." _ _c..

... o Isms, , _ -- S 14 D1 2

irA~AL. 0SAI1L1I I&. o5k
WIND. IH ,*Ng1 CALC L V .

?7S -;- A, /- -2

CALCI V- : ,, WINDING Jo7Eo I..
RISE Rise .0I141

'I TEMPERATURE READINGB TEMPERATURE RISE

HOUR* TIME TOP err AMD. Top eTli. WATTMETER

OIL OIL OIL OIL OIL AND LOAD TEST AT ____-

I VOLTMETER
'- AMPS z

VOLTMETER '

WATTM ETER

NO LOAD TEST

(T.W.) WATTMETER _JI_

111 IZ WVA

TIME CONSTANT

___I__------------&.~L __~-=9m 63.3 X 51_7 *C OIL RISE_
TINE CONSTANT -- - ------ -"-.- -2-HRS. .

----- L4L.TYPE CONDUCTOR N.V.
S-- -TYPE CONDUCTOR L.V.

-1 CALCULATED COMPROMISE

CURRENT

_ OTHER REMARKS

A- -

_I __--1 _ __ _ _

TEST
REQUESTE DATE y LL

BY- - __ TESTED
6 

.- J By .( .. ciL _ _ _ Y2&EC -- I___ ____

P ,



TRANSFORM ER/P~ EPRTR ETOTYPE: TEMPERATURE TEST ON 2 K.V.A. TRANSFORMER STYLE ____

CONNECTED I-V - OT .. /. :.~VOLTS

LOAD H.V ' L
1
C) AMPS. L.V. /0_'__ AMPS. CIC

WATTS PER LB. H.V. L.V._ MAGNETIZED VOLTS - CYCLES ON_

GALLONS Of' CIRCUIT TEST METHOD . NO. OF RADIATORS - NO. TUBES

REM AR KS ~ C. (X - ~(A./(.
SERIAL 0 _2E ZZK7_

TIME AFTER TEMP. H.V. WINDING BY RESISTANCE TIME ATER TEMP. L.V. WINDING BY RESISTANCE
AHUTDOW P MS. BRIDGE[ RATIO TEMP, CORREC. AVZ. SHUTDOWN AMS O R T CO.RE. ASHTD W "I HI i 'ITO O ID A--. , 5 10RI01 RATIO TEMP.

TEMP. R NADING I ORK OHMS T WIND. 1I OHMS ITION TO
TINOR K S .M iy R N T. TEMP. READING OR K BY R.

MIN. ,, S.__F0. TEM. __ -7 82,.,/)41 I

(L" 127 x -
CAL. HVg 79 7' CALC. L.V - ~ 6 f/7 - '

WINDINGWINDING 70 2 34 .(o
RISE '__6q RISE A. b.

TEMPERATURE READINGS TEKPERATURE RI -

HOURS TIME TOP ITT. AMS. TOP ITT. WATTMETER
OIL. OIL OIL OIL OIL AND LOAD TEST AT °C 1

VOLTMETER

VOLTMETER

WATTM ETER _

_ _ _ -~ - -
_ _NO LOAD TEST

(T.W.) WATTMETER

___ ___ __.- - - (A.W.) VOLTS _- X AMPS

___ __ _ __ ~ ____ ____ ___VA

__ TIME CONSTANT

63.., X_ oC OIL RISE _33

TIME CONSTANT -

.HRS- 21"..IN.

___ TYPE CONDUCTOR H V. e

. TYPE CONDUCTOR L.V.

CALCULATED COMPROM IF

c uR -T- _/_ "_
-  '- -

__7 .zzzz- _-CURRENT

OTHER REMARKS

I -. - _ _-_

TEST D k..O Y (f .{ Z .. LOE. _ _

REQUESTED ._ DAT X -SPEC.III -

By_.-. TESTE
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TEWPERATURE TEST RECORD
WES1TINGHOUSE FORM 4857K DTD LAB PAGE N! 00727

TPF: RM - ., TEMPERATURE TEST ON K (.A ... .. .. ",-TRANSFORMER STYLE ' 1

CONNECTED N.V. 2/'0 r' 4  ) - _ VOLTS L.V - ,'_" /2_€-- - VOLTS

LOAD .v. /__7 AMPS. LV-------. --- A- PS. 0 CcES

WATTS PER LB IV ---MANT E VOLTS.--- CYCLES ON

GALLONS OIL -- CIRCUIT TEST METHOD i NO. OF RADIATORS-- NO. TUBES----

REMARKS-_--_ ..... SERAL- 2 
ZC_/ A{ 7"

TIME AFTER TEMP. N.V. WINDING BY RESISTANCE 'TIME AFrER TEMP. L.V WINDING BY RESISTANCE

SHUTOOWN BRIDGE RATIO OHMS TEP IS I BRIDGE AI T CORRE I

__ REDNOHMS TION TO' WIND. -RAI OHMT ITION TO
T E. Y oN oR I TEMfP.. READING ORK BY .O. TO 'R

MiN. :SE{C.BY RS.; SIHON. i TEMP. MIN. SEC. B RNS.

..25 Y 7--- X. 31 ,.3ON

CL.N.V. WIDN
WINDING /S5/ 7 7 "  

,f--22 / "'WINING ¥-1277--.9V, '-2 '123 7 7
RIER ISE ________________

TEMPERATURE READINGS TEMPERATURE RISE

HO S TOP IrM. AM.1 TOP RTEM. WATTMETER

OIL OIL IL OIL OIL AND LOAD TEST AT C
VOLTMETER

tAM PS ________

VOLTMETER

____ -I---- - WATTM ETER

__-____,__ -, 6 fX C ;L i E.

NO LOAD TEST
___ ____ _ _ __ i (T.W.) WATTMETER

____ (A.W.) VOLTS X AMPS

- - VA

_____~~~~~~6- X --C 0___________L_____ RISE

.1 I
I TIME CONSTANT

_7, __ _ $. ______o__R____ __H_

I . TYPE CONDUCTOR NV
' _ 1 _ _ _

I I' i • I0_ _ TYPE CON DU CTOR LV.

_ I - -
"  

, CALCULATED COMPROMISE

______ - - ... ~ :.ICURRENT~
__' -, - OTHER REMARKS

-- 2

TEST
R9OUEffTFD ,J~JA. DATE ~~

BY- ALTETED~JL
- B Y~ ____ 21... LSPEC ..

[B-27



TIEM.vrRATURE TEST RECORD
WTirllNC40UiE FORMl ,A657K DTD LAB PAGE N°  00728

TYRE: 141 TEM PERATURt TEST ON . - -K V .A TRANSFORMER STYLE -- Jf7 "

CONNECTED H V./JA# VOLTS L.V -VOLTS

LOAD H V. - _0 _ _-o. . AMPS. L.V.- . .. AMPS. CYCLE!

WATTS PER LB. H.V . ... _ LV. MAGNETIZED _. .. .. VOLTS- - CYCLES ON _ V

GALLONS OIL CIRCUIT TEST METHOD __. NO. OF RADIATORS-. NO TUBES ... --

REMARKS- _ _

___ - SERIAL I

TIME AFTER, TEMP. H V W;NDING BY RESISTANCE - TIME AFTER, TEMP. L.V WINDING BY RESISTANCE
-HL."--- CORREC

-  
AVE. SHUTDOWN, CORRE. IAMB. BRIDGE RATIO TEMP AMB. BRIDGE RATIO TEMP.

OHMS TION TO: WIND. OHMS TION TO'
TEMP. READING OR K BY RLS TEMP. READING OR K By RES.

MIN. SEC. ' SHUN. . TEMP MIN. SEC. SHON. U

£ ~~~~/ ---.~W77.3' -~--

CALC. .V. 0- CALC. LV / ,AVo

WINDING 153.1/7 3 fX 949 7 WINDING/ -- --
RISE h_ k w4 _d 9_. . ISE .. ,, 1 _,

TEMPERATURE READINGS TEMPERATURE RISE Z

HOURS TIME. TOP BTTM. AMB. TOP BTTM. WATTMETER

OIL OIL OIL OIL OIL AND LOAD TEST AT . - :C -

I., I VOLTMETER

- . ~~~~AMPS _________

VOLTMETER

/ 7? jj> __ -WATTMETER _

i7._ _ -_NO LOAD TEST

(T.W.) WATTM ETEL

. . . .. ...... .. . (A.W .) VOLTS X AMPS

-] - VA

.__ - -..- -... - TIME CONSTANT63 X x/1=.C OL RSE: _ 4

-- _ - - - C/eTYPE CONDUCTOR H V4

'po 9r. kV V TYPE CONDUCTO L.V.

CALCULATED CMPR I -' i ~~~~CURRENT fItl t.l
.. . . .. . ... _ .I -_ . . .. -' _ . . ...--

OTHER REMARKS

By -... . S

TET ., j, . OAST D -' 7 ' L PE

BY Ak . r t~ mllill ElllilIlIll
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TRANSFORMER, 
ANOMETYE e-2-TEMPERATURE TEST ON K.V.A, ________ TRANSFWORMER STYLE

CONNECTED N. -bVOLTS L.V. /. /2 VOLTS

LOAD N.V.-_____________________ - AMPS. LV.____AMPS._____ 6o_____ Ccc

WATl PER LB. NV. L.V._ _ MAGNETIZED VOLTS - CYCLES ON

GALLONS Ol' CIRCUIT TEST METHOD 8&c .. ___ NO. OF RADIATORS .2 NC TUBES_ .o -_

TIME AFTER TEMP. N.V. WINDING BY RESISTANCE TIME AFTER TEMP. LV. WINDING BY RESISTANCE

SHUTDOWN AM. I ORG, RATIO TEMP. AVE. S AMa. BRIDGE RATIO TEMP. A
OMHMOS Y T. T0WIND. I.., 

ON TO

HM, TN T WINO, TEMP. READING OR K my RES ,I .

MIN I *C. 0__ $MON. TEMP. jiN SECH 9401

___,1 7.5&x,,s,, ¢ o ce'.5 / / l '/o .,,o 52 o22351135,7 _
&g" c-, u..;. ---1 771.0 131.3 1 fYJi I I., 7;'/7

CALC. N.V. I / C C - V

WINDING-.,,IN 17 /-9I ,1 3 5 7"e111. 7  -/o ..
RISE RISE -epPt

TEMPERATURE READINGS T " "R.TU, RISE

"OURS TIME TOP 9TTM. AMS. TOP IOrr%. WATTMETER 7
OIL OIL oI OIL OIL AND LOAD TEST AT -_ C

VOLTMETER
-- I_ AMPS

13011 -
WATTMETER

:7

NO LOAD TEST

(T.W.) WAT-nMETER __

.-- -~(A.W.) VOLTS - X AMPS

S-,.-IN TIME CONSTANTz v. oe 63.3 X --,, , 'C OIL RISE

TIME CONSTANT =

'Q___ 462 TYPE CONDUCTOR H.V.

_..-,. TYPE CONDUCTOR L.V.

CALCULATED COMPROMISE

CURRENT

____ __ ___- 1j __ ~ __ V~ OTHER REMARKS ___

_ _7 -_ -. 
. - -

-------
_ _ _ _ _ _ _ _

TEP-ST

R E ...... .. - -. ... .. ... .... ...TiI __

R E QUE ITED S DAT I & •



TYPE: TEMPERATURE TEST ON K.V.A. TRANSFORMER STYLE 
2
)11 1

CONNECTED N.V 4/ - VOLTS LV. !o/i'VOLTS
LOAD . V ___ _ __ _ _ __ _ _____ AMPS. L.V.__ --_, AMPS. - CYC

WATTI PER LB H.V. L.V. MAGNETIZE.D VOLTS_ CYCLE.S ON__
GALLONS Oil CIRCUIT TEST METHOD NO. OF RADIATORS__ NO TUBES

REMARK A' a.rA 6 / ,g.,..--
SERIAL '7

TIME ArTrER TEMP. H.V. WINDING BY RESISTANCE i TIME AF ER TEMP LV. WINDING BY RESISTANCE.Io., Iio ., .-. ,. .. AM S.,° CORR.. "
SHULTDOW N ^MD. BRIDGE RATIO jTEMP. CORREC. AV... 3HMOO. 6RIDIV ATOTEP

O S. I O HM TEMP. TTEMP READING OR K O B RES TION TO WIND. T EP. READING OR K Yo B R.S. To TOMIN sec. ]I MO SHoN. TEMP.. MIN,. SEC. SNON.

I XtW ,l3/ . __ ___ *,¢1.?35P O/)r'/,.i2/ 33- .

C,,CN.Y. -- ,,/r I C CALC. L.V. , . /3
WINDIN . S W INDING J3v,q . .'/3(,y-,,? //"j
RISE Z,. l 4 ;A RISE

TEMPERATURE READINGS T&PERATURE RISE

HOURS TIME TOP OrYM. AMs. TOP 1T"1. WATTM ETER
OL. OIL OIL OIL OJL AND LOAD TEST AT _-C

VOLTMETER

AMPS _____

1,WATTMETER
NO LOAD TEST

(T.W.) WATTMETER

(A.W.) VOLTS- X AMPS __ -

VA

TIME CONSTANT
63.3 X - °C OIL RISE -

TIME CONSTANT =
__HRS. MIN

7 _TYPE CONDUCTOR H.V.

TYPE CONDUCTOR LV.

CALCULATED COMPROMISE

CURRENT

OTHER REMARKS

________ __ I I iiI _ ______ __

TEST

REQUESTED f DATE.
BY ~ '. ~TETFDJl./ __LSE.___________
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January 29, 1987

Roger Angelo Lucheta

Westinghouse Research Laboratory

1310 Beulah Road

Pittsburgh, PA IS235

Subject: Noise Test of Transformer

A report of the noise evaluation of a ZS kVA General Electric

transformer, s/n PZ170S9-YZA, is attached. The evaluation was performed

by Dr. Francis McKendree at the Westinghouse Churchill Site during the

period January Z7, 1987 to January 29, 1987.

I have observed the performance of the tests and checked the

calculations in the report. I certify that these noise measurements

comply uith the applicable provisions ANSI/IEEE Std. 141-1986, NEMA

standard TR 1-1980, and ANSI/IEEE C57.1Z.90-1980.

Roger Angelo Lucheta

B-42



SOUND MEASUREMENTS OF 25 kVA

GENERAL ELECTRIC TRANSFORMER

S/N P217059-YZA

Francis S. McKendree

Westinghouse R&D Center
1310 Beulah Road

Pittsburgh, PA 15235



DESCRIPTION OF TEST

Airborne sound pressure levels were measured in accordance
with ANSI standard C57.12.90-1980 for sound measurement of
transformers. The normal excitation was used, 120 V to each side
of the secondary, and 10% above normal, 132 V to each side of the
secondary. The room is a hemi-anechoic space located at the
Westinghouse Churchill Site, Building 302, Room 102C. The
measurements were made on 27 and 28 January 1987.

ANSI C57.12.90-1980 specifies that instrumentation for the
sound level measurements shall meet the requirements of ANSI S1.4-
1971 for Type 2 meters. The instrumentation used satisfies Type 1
requirements throughout. Type 1 compliance is inclusive of Type 2
compliance, since all requirements for Type 1 are more stringent
than those for Type 2.

Airborne sound pressure levels were measured at one foot from
the transformer case, beginning at the front center and spaced 90
degrees apart. The reported sound pressure levels are the
averages over the test positions, for the indicated excitations.
Narrow band sound pressure level spectra were also recorded at
each test position and condition.

The transformer was serial number P217059-YZA of 25 kVA
capacity. Because its noise levels were extraordinarily low, a
second procrdure in the standard ANSI C57.12.90-1980, regarding
the use of narrow band spectral measurements, was also employed to
give a better approximation of the actual sound pressure levels
emitted by the transformer.

EQUIPMENT USED

The equipment used for these measurements is listed below:

Manufacturer Model Serial Description/Notes

B&K 4220 1164904 pistonphone, 124.1 dB
nominal, NBS traceable

B&K 4145 819114 microphone, 1 inch
B&K 2613 226513 mic preamp
B&K 2603 9A6253 measuring amplifier

Gen Rad 1925 181228 1/3 octave multifilter
DEC 11/24 AG02930 laboratory computer system

with A/D

14 - /



One-third octave band spectra were measured at each test

position for no excitation, 120 V, and 132 V excitation. The

spectra were summed on a true power basis in accordance with the

applicable standard. The A-weighted levels reported for the

transformers were derived from the spectra. The spectra and

derived, arithmetically-averaged A-weighted levels, are listed in

Table 1.

. .-4 5



TABLE 1

One-third Octave Bands and A-weighted Levels Measured
on Transformer P217059-YZA Under Various Excitations

BAND AMBIENT 120 V 132 V

50 36.8 36.6 36.0

63 41.2 40.9 40.7

80 34.7 34.5 34.1

100 31.4 33.4 33.6

125 29.7 35.6 39.4

160 26.6 27.2 27.2

200 24.2 24.8 25.0

250 22.4 27.8 28.3

315 20.8 24.2 26.2

400 19.9 25.4 29.2

500 19.0 23.2 33.8

630 18.7 22.4 34.4

800 19.2 20.6 26.8

1000 18.6 19.8 23.8

1250 18.4 18.9 22.6
1600 18.6 19.1 20.8

2000 19.3 19.6 20.2

2500 19.7 20.1 20.4

3150 20.4 20.6 20.9

4000 20.8 21.3 21.9

5000 21.0 21.2 21.6

dB(A) 32.4 34.0 38.6



ANSI standard C5/.12.90-1910 specifies procedures which are to

be used if the ambient level measured in a given band, or with a

given weighting, are within 10 dB of the combined ambient and

transformer sound levels. For the ambient between 5 and 10 de

below the combined level, a correction is allowed to produce a

reportable sound level for the transformer. If the ambient is

within 5 dB of the combined level, the level must be reported as

level which the tested unit "does not exceed".

The A-weighted ambient level was 32.6 dB before the tests and

32.3 dB after the tests, for an average of 32.4 dB. The averagt,

A-weighted level was 34.0 dB with 120 V excitation, and 38.6 dB

with 132 V excitation to each side of the transformer secondary.

Since the ambient level is within 5 dB of the combined level

with 120 V excitation, the A-weighed average is reduced by 1.6 dR,

and the net level is reported as the level which the transformer

does not exceed:

"In accordance with ANSI C57.12.90-1980, the A-weighed sound

level of transformer P217059-YZA, when excited with 120 V,

does not exceed 32.4 dB(A) ."

The average A-weighted sound pressure level when the

transformer is driven with 132 V is between 5 and 10 dB above the

ambient. Reference to the standard indicates a correction of 1.3

dB is appropriate, and the net level shall be reported as th.

sound level of the transformer:

"In accordance with ANSI C57.12.90-1980 except with regard to

the excitation voltage,, transformer P217059-YZA, when excited

with 132 V to each side -f the secondary, produces an average

A-weighted sound level of 37.3 dB(A)."

1 /4



ANSI C57.12.90-1980 permits measurements of narrow band tonal

components. As the ambient noise is relatively broad band, a

better signal-to-noise ratio can be obtained with narrow band

measurements. When the tone levels of a transformer are to be

measured, the even harmonics of the line frequency are to be

m,'isured up to and including the seventh. For the unit under

test, these are 120, 240, 360, 480, 500, 720, and 840 Hz. The

tone levels are to be averaged over the specified positions on a

true power basis. The tones may be A, C, or linearly weighted,

and may be summed on a true power basis to give the average sodnd

level for the chosen weighting.

In ANSI S1.4-1971, a "sound pressure level" is defined as "20

times the logarithm to the base 10 of th: ratio of the pressure of

a sound to the reference pressure", and a "sound level" is defined

as "Weighted sound pressure level measured by the use of a

metering characteristic and weighting A, B, or C as specified in

this standard". The A-weighting, originally developed as an

approximation to the Fletcher-Munson 40 phon curve and specified

as a set of time constants for an electrica: filter network, is in

ANSI Si 4-1971 defined at discreue frequencies corresponding to

the center frequencies of the preferred 1/3 octave bands from !0

to 20.,000 Hz.

The author uses a quadratic interpolation between the entries

of this table to derive an ighting coefficient for a tonal

noise at a frequency not equal to one of the preferred 1/i octave

band centers. The error which may be introduced by this procedure,

's far less than the tolerances which are permitted or a Class I

implementation of the A-weighting network itself.

Narrow band spectra were measured on a 1 kHz frequency range

with 400 lines of resolution, and the tone levels of the first

seven harmonics of 120 Hz were measured. The tone ievels are

presented in Table 2.



TABLE 2

Tone Levels of Twice-line-frequency H~rmoncs

FREQUENCY AMBIENT 120 V 132 V

120 23.6 35.7 39.9

240 12.4 27.7 29.2

360 6.4 24.8 31.0

480 2.6 21.3 34.3

600 2.0 17.6 31.0

720 1.7 13.9 25.4

840 2.2 6.3 20 6

All of tne tone levels, which were measured with an effective

bandwidth of 3.2 Hz, were more tnan 10 dB above the ambient,

except for 840 Hz with 120 V excitation. This level was

or:ijinally 7.6 dB, which is 5.2 dB above the ambient. In

accordance with the ANSI standard procedure, the measured levcl

has been ;educed 1.3 dB and is reported as 6.3 dB.

Copies of 1 kHz and 2 kHz bandwidth spectral plots, for

ambient and energized conditions at the front center of the

transformer, are included with this report. It is evident t:,,

the tone levels can be reliably measured, since they are clearly

above the ambient levels.

Table 3 shows the results of applying the A weighting to the

first seven harmonics of the double line frequency. The A

weighting values shown are derived from d quadratic interpolation

from the tabulated A-weighting response curve in ANSI S1.4-1971.

P - !



TABLE 3

A-weighting and A-weighted Tone Levels

Frequency A-Weight 120 V 132 V

120 -16.6 19.1 23.3

240 - 9.0 18.7 20.2

360 5.6 19.2 25.4

480 3.5 17.8 30.8

600 - 2.2 15.4 28.8

720 - 1.3 12.6 24.1

840 - 0.6 5.7 20.0

dB(A) sum 25.5 34.7

Examination of the 2 kHz spectral plots confirms that the first

seven harmonics of twice the line frequency contain almost all of

the sound energy, even after the A weighting is taken into

account. The tone level and band levels may be compared as shown

below 'n Table 4.



TABLE 4

Comparison of Tone and Band Levels at Selected Frequencies

120 Hz 125 Hz 240 Hz 250 Hz
Condition Tone Band Tone Band

Ambient 23.6 29.7 12.4 22.4

120 Volt 35.7 35.6 27.7 27.8

132 Volt 39.9 39.4 29.2 28.3

The tone and band levels are quite comparable for the

energized conditions, since in these bands the only significant

component is the tone from the transformer. Under ambient

conditions, the noise is relatively broad-band, so tht- tone level

at a discrete frequency is considerably lower than the band level,

which encompasses a range of frequencies.

The band levels above 840 Hz are dominated by the ambient

noise, even with the transformer energized. The ANSI prGcedure

for adjustment due to ambient noise is limited to 1.6 dB, which is

inadequate to deal with noise levels as close to the ambient as

those documented in this report. Section 13.5.4 reads:

"13.5.4 If ambient conditions necessitate, the sound level

may be measured using discrete frequency components (see

13.6.4.)"

The sum of the levels of the first seven harmonics is 25.5 dB(A)

for the 120 V excitation, and 34.7 dB(A) for the 132 V excitation.

It will be recalled that the ANSI standard method applied to the



A-weighted measurements gave a result of "not exceeding 32.4

dB(A)" for 120 V and of 37.3 dB(A) with 132 V excitation. It is

the opinion of the author that the A-weighted results, though they

have been corrected in accordance with the ANSI standard, stifl

have resulted in an overestimate of the actual transformer levels.

"In accordance with the Optional Frequency Analysis Procedure

which described in section 13.6 of ANSI standard C57.12.90-

-1980, the sound level of transformer P217059-YZA on the

A-weighting scale is 25.5 dB(A) at 120 Volts excitation to

each side of the secondary, and 34.7 dB(A) with 132 Volts

excitation to each side of the secondary."
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APPENDIX A.4

RIV TEST REPORT
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APPENDIX A.5

SHORT CIRCUIT TEST REPORTS
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J McGRAW-EDISON

POWER SYSTEMS

Mr. Dorrnan Whitley
Westinghouse Electric Corporation
Newton Bridge Road
Athens, GA 30613

January 16, 1987

Subject: Distribution Transformer Test Report

Dear Dorman,

Enclosed is the test report covering the Short Circuit test on one
General Electric Tm Distribution Transformer. The tests were
performed on January 16, 1987 at the McGraw-Edison Technical
Center In Franksvllle, WI.

McGraw-Edisons' or Cooper Industries' company name may be used
In promotional literature only If written permission Is received for
each complete copy of promotional material received.

It was a pleasure testing for you Dorman and we look forward to
seeing you in the future.

Sincerely,

Ross Daharsh
Manager, Power Test Laboratories

11131 Adams Road
PO Box 100
Franksville, WI 53126
4141835-2921 B-64



McGRAW-EDISON POWER SYSTEMSCOOPER
INDUSTRIES

SHORT CIRCUIT TESTS ON

ONE GENERAL ELECTRIC T" DISTRIBUTION TRANSFORMER

Performed By:

McGraw-Edison Power Testing Laboratories
McGraw-Edison Company

Division of Cooper Industries
11131 Adams Road

Franksville, WI 53126

Test Date: January 16, 1987

TECHNICAL CENTER

11131 Adams Road
PO Box 100
Franksville, WI 53126
414/835-2921 B-69 Research Reports



J McGRAW-EDISON
., POWER SYSTEMS

INTRODUCTION:

The test program consisted of a standard ANSI C57.12.90-1980 Short
Circuit Test Series on one General Electricm 25 KVA Transformer,
Serial Number P217059 YZA. This transformer had a Primary
Voltage of 4160/7200 WYE and a Secondary Voltage of 120/240. The
nameplate impedance was 2.51 X at 85° C. The test program was
performed at the McGraw-Edison Technical Center in Franksville,
WI under the direction of Mr. Dorman Whitley from the
Westinghouse Electric Corporation. The test was performed on
January 16, 1987.

PROCEDURE;

The transformer was impedance checked before, during and after
the Short Circuit Tests using the classical E/I method. 5 Amperes of
current was circulated in the secondary winding with the primary
open circuited. The resulting secondary voltage was recorded. The
current was metered with a Weston Ammeter, Model Number 370,
Serial Number 6911. The voltage was monitered with a Fluke
digital voltmeter Model 8000A, Serial Number 30437.

The test program was started with a magnetizing inrush current
test shot followed by a reduced voltage check shot to verify
impedances and metering. This was followed by the 6 ANSI test
shots; 3 symmetric, 3 asymmetric; 15 cycles In length except for
the long time shot required for heating. This shot was a minimum
of 47 cycles in length. The impedance was checked after each test
shot. The short circuit test data was recorded on a Honeywell
Model 1912 Magnetic oscillograph. All recorded data has a
laboratory accuracy of ±32.

RESU1LISO

The original data sheets and oscillograms from the test program
are included in the report Appendix.

The transformer passed the test program with a impedance change
of 5.75X.

TECHNICAL CENTER

11131 Adams Road
PO Box 100
Franksville. WI 53126
414/835-2921 B -66



J McGRAW-EDISON
POWER SYSTEMS

ICERT]F]CATATi] OIF PWE AFICE

BY

WESTINGHOUSE ELECTRIC CORPORATION

Short Circuit Tests on a 25 KVA
General Electric" Distribution Transformer

Serial Number P217059 YZA

This is to certify that the above transformer was tested at the McGraw-
Edison Thomas A. Edison Technical Center on January 16, 1987 in

accordance with ANSI Standard C57.12.90-1980.
All data recorded and presented has a laboratory accuracy of ±3%.

REFERENCE OSC I LLOGRAMS

87C337 - 87C345

The total impedance change was 5.75% after the completion of the 6 test
shots.

By the performance of these tests McGraw-Edison does not recommend or
endorse the use or application of the products, devices or systems tested.

Ross S. Daharsh -
Manager, Power Test Laboratories ' - . ,* -

TECHNICAL CENTER ... *" ,.

11131 Adams Road *

PO Box 100 A L
Franksville, WI 53126 B-67
414/835-2921



J McGRAW-EDISON
POWER SYSTEMS

APPENDIX

1. Original Film Data Sheet

2. Calibration Sheet

3. Original Oscillograms

TECHNICAL CENTER

11131 Adams Road
PO Box 100
Franksvwiie, WI 53126
414/835-2921 B-68



THIS UNIT IS SERIAL NO. 0001
IT IS A 25 KVA RATED 4.16 KV AND 6.00962 AMPS
IT IS A CATEGORY 1 TRANSFORMER
SHORT CIRCUIT IMPEDANCE IS 15.728 OHMS

6.78217 +Jx 14.1906
%IZ= 2.2721 2IX= 2.05 %IR= .979765
40 TIMES RATED I IS 240.385 AMPS

LONG TIME TEST IS 46.25 CYCLES
MAXIMUM IMPEDANCE CHANGE IS 11.1395 PERCENT
'K' FACTOR.PK ASYM/VMS SYM> IS I .73G02

B-69
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f-igtiJ-e A.. I A. Reducedi FuLJl Wave Bushing 1

Figure A./ I B. Reduced Fujl Wave -Bushing 2



Figure A. /.2A. Chopped Wave -Bushing I. Figure A. /.2B. Chopped Wave -BushIing L.
Shot I Shot 2

Figure A.i.2C. Chopped Wave -Bushing 2 Figure A. 7.2D. Chopped Wave -Bushing 2
Shot L Shot 2



igti ce A. /. JA. I ront of Wave -F igure A./I. 5B. F-rontL of Wave-

Hushinug I BushIng 2

I ijuir A. /./iA. Ii I- wave - f ij're A. /.14B. [tiltI Waive,
H-ushim rI, Hushingl( 2

P)-82



APPENDIX A.8

SAFE TRANSIT TEST REPORTS
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4E5TiNGH~ijElE DTD C"iMMEP;C!'L TEST PEPT 71-ATE: (C~m 10 , 87

CONDITION: FOLLOWING FOUR HOUR SHAKE

TLE: G.E. '5kYA AMORPHOUS METAL POLE TYPE FOR

12K4V: 4100: 7ckY RIL SERIAL 1: P'l I709- f2A

RATIO PASS + HV RESISTANCE (OHMS) 4.637

POLARITY PASS + LV RESISTANCE (OHMS) 0.01-44

zikLL WAVE I1*IJLSE + I 3QUAR-ED R LOSS 4ATT-j i

APPLIED POTENTIAL - HLIC PASS *STRAiS -.

'PPLIED POTENTIAL - LHIC PASS *LOAD LOSS 4WATTSi '17.'

INDUCED POTENTIAL - 400) HZ PASS1 TOTAL LOSS kWATTS

NL LOSS IWATTS; 19.2 RESISTANCE 12

EXC:ITING CURRENT Z)0% REACTANCE

EFFCIENC'f~ FI ?9.7 IPEDANCE 2

EFFICIENC'l PF=.8 B REGULATION PF=1

TEIT ENGINEER: tCORRECTED TO 31 DE6;EES

6PE56 V. S B8



t.. U- r .TEST ;EFORT D TE:2 -

EOjDITION: FOLLOWING FOUR FOOT DROP

TYLE: G.E. D5VA AMORPHOUS METAL POLE TYPE

,': 2 :iV: tcO0 Th& GIL SERIAL 4:021- -- 74A

RHATIO PASS * H' RESISTANCE ;OHMS) 4.662

POLARITY PASS * LV RESISTANCE (OHMS! ,. ,354

F_ --,E MF---:- -SS :U ED LO-S -TT---

2PPLIED POTENTIAL - HLIC PASS *qT S. a.-

4PPLIED POTENTIAL - LHiF PAS3 * LOAD LOSS 'WATTS I ,.

_ED =OTENTIL - C0 %SS TOAL LiES .4ATTS) .

NL T: ' A - 7 . * L ESST<CE.

C,-T% :URFENT , * '*: PEACTANCE

"-7E:NCr .PF=: -n.: * IMPEDANCE

EFrICIENCr _ PF=.B R9.7 " EGULATION @ PF=I 1.

REGULATION a F=. .

TsT -,-NE K * 7OFECTED 705 EGFEES -

S M B-86



APIPENDlX A10

COLD LOAD PICKUP iLSI RLPORIS

B-87
925/R:8bc/20
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QE5TiNEHOUSE EJ", HEM -rw 7: EST HOP T

CONDITION: FOLLOWING COLD LOAD PICK UPi

STYLE: 3.E. 25kYA H'MORPHOUS METAL POLE TYPE

PATliO PASS HY FESISTANCE ,O'HMS;

POLA-RITY PASS *LA RESISTANCE ;OHMS .1h

CAL~7 44V :PULE ASSSOAPD R L-OSS ATTS,

APPLIED POTENTIAL -LHIC PASS tLOAD LOSS (WATTS, 1

ICCEC %iTE N TI -H; K' H7 TOTAL LOS-S AATTS 77.0

LA: ATT5!S. ~ * SESISTANCE

iITIN CURRENT -EISC MTANCE-

C E iCTENC'f fz FF 1.MFEDANCE 04

CEFFICIENCY PF=.S 8. REGULATION PF=I

U EGULATION PF=z3 -

CM ENGIEER * CRRECTED TO095 Ektt -

B-89



APPLNOMX A.I11
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TEMPERATURE TEST RECORD
WI~lNHOU :1 FORN 4857K DTD LAB PAGE N2 00733

TRANSFORMER /i
TYPE: ________ TEMPERA-URE T~ ON -- K V A TRANSFORMER STYLI _'-'

CONCE _VOLTS LV VOLTS

LOAD H V.--I -. -' c ___ AMPS. L V 10 AMPS CYCLEt

WAT PR B. V .L.V MAGNETIZED - VOLTS- CYCLES ON -

GALON OL ____ - CIRCUIT TEST METHOD dA._-NO OF RADIATORS -NO TUBES-

REMARKS---- I 7~ ~Ls~1. -A'

- - - -- - -- -. ERIAL ~-
T
IME AFTFR TEMP. .V. WINDING BY RESISTANCE TIME AFTER TEMP. L.V Wit. )ING BY RESISTANCE

SHUTDOWN ii CORREC AVE. SHUTDOWN OR A -
AMB. BRIDGE RAT!0 TEMP AMS. BRIDG EITI TEMP

OHM'S 'ION TO W,, BRDG OHTIS TE INMPW -

MN SE. TEMP. READING OR K BY RE S HNI TEMP READING OR K OHS By- RES T0 O
MI. SC HN TEMP. MI- SEC. SI-IN. T9 77

CALC. H~y..~ QfO~~ CAL. L.VI
WIDN~~ ItPWINDING -7.5 5773

RISE _RISE _I ~~
TEMPERATURE READINGS TMEAUERS

HOURS TIME ITOP BTTM.. AND. TOP BTTM. WATTMETER
OL OIL OIL OIL OIL AND LA ETA

___________- IVOLTMETER e
- [ - ~ AMPS- --

Ia.. ,t~7T~Th 77727VOLTMETER _ _ _

C_ 7 ~ r3 "Z__ WATTMETER

NO LOAD TEST

I - -r t------ -- T.W.) WATTMETER / _

________ZI'7ff(A __-lW.) VOLTSOX AMPS~/9

______VA

_- _ ITIME CONSTANT
63.3 X --_ C OIL RISE -

/ ;~~-i--T 27 - - - TME CONSTANT- R I

___ __ 4 /d X ___L9LTYPECONDUCTORM V

A TYPE CONDUCTOR L.V

CALCULATED COMPROMISE/~
_____ 3e jifCURRENT__

I OTHER REMARKS

I~~c 7 2-_ -(0_ -__

~~ --

REQUESTED~/, DATE

TBY- , TESTED By)( I SPEC PF/U "

B- 91



TEMPERATURE TEST RECORD
WZ.3TINGHOU'E FORM 4857K DTD LAB PAGE N2 00734

TRANSFORMERTYPE•._F M --4 TEMPERATURE TEST ON K V TRANSFORMER STYLE 
-

1 7

CONNECTED F, V. VOLTS L V / VOLTS

LOAD P VL.-7 > LA' . AMPS L V . 2) AMPS CYCLE

WT P L.4 V. . V MAGNETIZED VOLTS CYCLES ON

GALLONS OIL- CIRCUIT TEST METHOD t., l,\A' NO OF RADIATORS NO TUBES-

REMARKS-

SERIAL /i706/

TIME I.TER TEMP. H V WINDING BY RIESISTANCF TIME AFTER TEMP L.V WINDING BY RESISTANCE

SHUTDOWN A.0 BRIDGE RATIO TEMP SORREC AVE SHUTDOWNBOORE- V

OHMS HON TO WIND - OHMS TICH TO v --
T"MP READING OR 1 BY RL. TEMP READING OP K BY RFS

MIN SE.. SHON. TEMP MIN. SEC SHDN.

77

CALC H V. /CALC. LV.
WINDING- WINDING -'/--;* ,*,d/'T 17.
RISE - -- U _'&' - _ t,. - RISE =tU.Cd . 4A.. _

TEMPERATURE READINGS fEMPERATURE RISE

HOURS TIME TOP BTTM. 5MB. TOP BTTM. WATTMETER
OIL OIL OIL OIL OIL AND LOAD TEST AT C

VOLTMETERV-; -, A... . ... . . .. , M P S...

.. .. ]- .. ..,;f'- "- VOLTMETER -"

1o A,[ - t_

NO LOAD TEST

(T.W.) WATTMETER

.. -: - ± i' (A.W.) VOLTS X AMPS

-- ' - . -_-... .. . VA

_ (,,, 4. ,55 -- TIME CONSTANT

~a//,.ds Yb/ 4s . ~ I___63.3 X C OIL RISE-

,TIME CONSTANT

. HRS -MIN

___
4' TYPE CONDUCTOR H V

--.-- TYPE CONDUCTOR L.V.

CALCULATED COMPROMISE, 3

CURRENT -

OTHER REMARKS

TEST
REQUrJrrED DATE J / - 7 - -" AJ/*

TESTED- . . BY .. .. L SPEC

B -92



TEMPERATURE TEST RECORD
WAZTINGNOUg FORM 4857K DTD LAB PAGE N2 00735

, R A N S F' O R M E R r7 S f 1,TYPE: TEMPERATURE TEST ON _-K 'J.A .. .TRANSFORMER STYLE 4 ,

CONNECTED H.V. /c_ _VOLTS L V. /2 G_ 2.'. _ VOLTS

LOAD HV. / ____v __ __ ___ AMPS. L.V.- .__ ___ AMPS,. - - CYCLESz

WATTS PER LB. H.V._ 17.3 _ ___ L.V -_ _71 __ MAGNETIZED - --- VOLTS--- - CYCLES ON- v

GALLONS OIL CIRCUIT TEST METHOD _ ____ NO. OF RADIATORS- . NO. TUBES-J'-

SERIAL-_ # 2/7' '

TIME AFTER TEMP. H.V. WINDING BY RESISTANCE TIME AFTER TEMP. L.V. WINDING BY RESISTANCE.,-UTOOw,,, ..,,., A, 1 o. ,. COR<:EC. A'O E w,,,Hv" U"TDOW'r- " ,,O. "" -... Co,,,. A
SHTO N AMS. BRIDGE RATIO TEMP. IRRC~ AVE _'SUTDWN_ AMU, BRIDGE RATIO TEMP CRE-

_____IOHMS ' TION TO) WINO. RAIGOHMS B RE 'TIOPI To WTEMPi . READING OR K I iBy RllE. . TE..MP. READING OR K fH!I IlYl RESl. 'INT i

MIN- SEC. I I SHDN. , TEMP. MIN. SEC. T I.DN. To

---- ---------- T _ ____ >

/ 3_ _ __ _ __ __ _ _ _ _-_____

CALCHV 
1;3.. C ... CALC 31

WIDIG' WINDING ,, '/ ,2 7 "?

RISE ______ __,___ ______ _____ RISE_______ ____----

TEMPERATURE READINGS TEMPERATURE RISE

HOURS TIME TOP BTTM. AM. TOP i IITTM.. WATTMETER

OIL OIL OIL OIL OIL AND LOAD TEST AT C
I tVOLTMETER

AMPS~~______-

SVOLTMETER__
SW A T T M E T E R_ _ _ _ _ _ f

__ ____,__ NO LOAD TEST

,T . . - (T.W.) WATTMETER

i ': -j i(A.W. VOLTS ____ X AMPS ....___. H iz zz 4 I ____ V

______ ii ___-_TIME CONSTANT
1~7~t 6 ,,3.3 X -- ___ 'C OIL RISE .

TIME CONSTANT ./Nz,, ,<, , I,/-, T _ H S - - MIN -"". .'
.,, _. __ 4. _ _ , f 47 TYPE CONDUCTOR WV

a-TYPE CONDUCTOR L.V.

'i z'<7I I ' . CALCULATED COMPROMISE,/?

,,' {- .. .. I ,CURRENT

OTHER REMARKS" --Z.Z IZKK ,. 1 ,

-t- g t -- - t - i-

1 -- - --r - - -- - - - -! - ; _ _ .--1 _

REQU ElrTED .aDATEr

.Y.. .- TESTED-BY- ... . .. L.SPEC 0

B-93
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TEMPERATURE TEST RECORD
wb~srNGmousa rORM 4087K OTD LAB PAGE N2 00736

TRANSFORMER__ L
TYPE: TEMPERATURE TEST ON -- __5_ K V'.A.-TANORRSYL

CONNECTED H.V. 1_2!4 - OTSL;__~K OT

LOAD V. -_____ _ AMPS. L.V. - __120 AMPS. -CYCLEt

WATTS PER LB. H.VL ?1 iL7' L V. MAG4ETIZEO_____ - VOLTS- CYCLES ON- V

GALLONS Ol CIRC,UIT TEST METHOD NO. OF RADIATORS - NO . TUBES-. -

REMARKS LI,'". _ SRA

TIME AFTERj TEMP. H.V. WINDING By RESISTANCE 'TIME AFILR TEMP. L-V WINDING BY RESISTANCE
SHUTDOWN AM 3 RIDGE RATIO ITEMP. CORREC. AVE. SUDWAB BRIDG RAI EP CORREZ- A

_ TEMP. READING OR K OHM Boy PLS.TO TO WN TEMP. READING OR K OHS BY RES. TO TO W
M IN. SEC. SIDN. TEMP. MIN SEC. SHCN. I V

CALC. H.V_ __ _ I CALC. - q.5
WINDING '*1.o3 -qgo /O' 1 aJ~ 'WINDING4754 46*-; 514 -5t Z6 - 20
RISE Jj 1 1~d~~~aL RISE -- - tL.Y r f'

TEMPERATURE READINGS TEMPERATURE RISE

HOURS TIME TOP ITM AMB. TOP 5TTM. WATTMETER
OIL jOIL OIL OIL AND LOAD TEST AT -_2L

VOLTMETER I/c

VOLTMETER ____ _ ___

'/~ 1A- yy 22 ~, X7j7~ ~WATrNTE _

________________ __ _____r___ NO LOAD TEST

___ __ __ _ _ __ __ ___ ___(T.W.) WATTMETER

___ _____ __ ___ A.W.) VOLTS X AMPS -

_ 1 1 '' VA

_______ __ __ __ __ ______TIME CONSTANT

j63.3 X -_CIRS

I I ' _______ ___ - ____ ___ - TIME CONSTANT-

I I (J~TYPE CONDUCTOR N.V.

I~~~ ____ __ _ _ O TYPE CONDUCTOR L.V.

~~1 __ ---- -______- ICALCULATED COMPROMIS 9 3
_____ ________ ___ ___ ________CURRENT "

____ I IOTHER REMARKS

777_ _I -

TEST 4DT

BY DTETD By _ _

B-9 6



TEMPERATURE TEST RECORD
wgorNGNOUtE FORM 4857K DTD LAB PAGE N2 00737

TYPE: TEMPERATURE TEST ON --- 'K.V.A. ... TRANSFORMER STYLE

CONNECTED H.V.--L __VOLTS L.V .- -!-_ -VOLTS

LOAD H.V /- _._ _ AMPS. L.V . - AMPS -0 -- CYCLEt

WATTS PER LS. HV 4, L.V - MAGNETIZED VOLTS - CYCLES ON _ v

GALLONS OL CIRCUIT TEST METHOD .NO OF RADIATORS . . ... NO. TUBES- ---

REMARKS . . . ... . . . . . ..

- SERIAL

TIME AFTER' TEMP. H.V. WINDING BY RESISTANCE I;TIME AFTER TEMP LV WIND" - R-7ISTANCE 7'

SHUTDO AMB. BRIDGE RATRIDG RAIO IOTEME. CORREZ-- A
R DG R OHMS I TION TOI WIND. - OHMS TION TO WTEMP. RE IN ORKSB B., TEMP. READING OR K BY RES

MIN. SEC. [TEMP MIN SEC. , S DN. -

CAL. .. 3/ 3.2- .°. CALC. L.V - AlWINIONG ,.-.7- 7f I.3I 73 - WINDING .-7 " °/ ,,5 3.,; $7

RISE RISEE 7A~.~

TEMPERATURE READINGS . TEMPERATURE RISE

HOURS TIME TOP BTEM. IAMB. TOP 8TTM. : WATTMETER "
OIL OIL OIL OIL OIL AND LOAD TEST ATOIL ! r r i i VOLTMETER AM__

.J .i ' .: * IAMPS×
, t___ -- ,/d__

VOLTMETER__ _ _-

I - WATTM ETER

____ ___ ___ ~1 ____ ~ 1 I 1 ___ NO LOAD TEST

___________ ___ ___________ (T.W.I WATTMETER - 33____
___ __ __ ___(A.W.) VOLTS X_ XAMPS' I ,

_ _ _ _ _ _ _ _ - I- _ _ _ _ _ _ _ VA

__ __ - .t_______ .TIME CONSTANT
63.3 X - 'C OIL RISE - ____

I _____ __ __ __I__ TIME CONSTANT-

____ ___ ___ ___ __ J___ I ___ ___HRS. - -MIN.

_ _i TYPE CONDUCTOR H. V

I I TYPE CONDUCTOR L.V.

-- ! CALCULATED COMPROMI,S,

OTHER REMARKS

__-__ - i r - "_.;.] --- ___ K --~________________1 P4 t ,2L y !i l

TEAT Li

REQUESrTED DA~ 47 r II4cj-my_ Jt TESTE LY_____________ -L.SPEC.P__
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TEMPERATURE TEST RECORD
WEbTINGHOU&I FORM 4857K DTD LAB PAGE N2 00 7 3b

TYPE:- 4 &______ TEMPERATURE TEST ON _12 __ K V. A. -- TRANSFORMER STYLE tj2 4
CONNECTED H.V._____ VOLTS L.V VOLTS - CCE

LOAD V.__AMPS. LV-AMPS C Lt

WATTS PER L H_ VA '-.L -_N TI E~
WATTS PEL.__. - - --- -_-- -_ MA NTIE)- - - VOLTS-- CYCLES ON V

GALLONS Oil. CIRCUIT TEST METHODKZrA. NO. OF RADIATORS-. NO TUBES-

REMARKS- - - --- - - ~-- -- __ _ -

_____ _____-- -~ -- - - - -. SERIAL - -

TIEAT7 TEMP- HNV. WINDING By RESISTANCE IE FE TEMP. L.V WINDING BY RESISTANCE

bNUTDOWN CORRIL AMB. BRDE RTO OM EP CORREZ. A-
AMB.1 BRIDGE I RATIO O.S TEMP. AVEA.. BIGE RTO EP

TEMP. READING I OR K .By pREs. O T WN. TEMP. READING OR IK BY RE S.TIN O!W

MIN. SEC. SHON. TEMP. MIN. SEC. SHON. T111

_~~~~C, 13f Y_ 71I.~ 7 /

RISE __ _A~-AA4~IRISE-

TEMPERATURE READINGS TEME~ATU IS

HOURSI TIME TOP ,BrTM. AMD, TOP IBTTM. .WATTMETERZ

OIL; OIL OIL. OIL OIL AND LOAD TCST AT.C
-- -- . __ -~ . VOLTMETER

I ___ ~VOLTMETER -_ - _ z

__ __ - WATTM ETER _ _

_________ __ -- NO LOAD TEST

___ ~(T.W.I WATTMETER --- -

____ - -~z , ___ -. I K-~.- A.W.) VOLTS --- XAMPS ~CNTNTM

____ - L........ __ _ 6.3 X ___ C OL RIEVA

J TIME CONSTANT

___HRS. -MIN

___TYP COD~~UCTOR H V

3 'all TYPE CONDUCTOR L.V.

02//____
____ - ICALCULATED COMPROMISE

____-~~ I CURRENT _ _-

-- vft ~wl ~d. OTHER REMARKS

REUIT-. ' DAT _/ff_

BY TET -- - - Y, & -& -- __ LSE
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* T F -

RA T ED
r'LLI ! F .LIY RMS %

0' VOLTS VT- L T0LTS CURRENT C UJPR ' T 7TT

19

I. I, 7 f - D L S, T i

I F,- (D -L T ' .E E! r E : ,. D .,.' . ' r _1 rL'AT - .!:' T5 FR

" -, - f" K, . 7 1 5. 1 (:,.9571 7) 7 " 7
75. 112.5 T1.848 1.00 5 ,

1 6-' -dL L . .,. . . t 1f.r>,,D LOP.S ._-'WT.,IASF , i' I flg
, 

. ., ;T2
, 

':

FO'. TOP" OIL_ TEMPEA"'TUFE ST,-.E . . .LI... rZD AT 410" PETER;. 0 2)1'f 103I-:
AT 5Q% O'F NPMEF'LPTE RATINS.
tZNMfF.F'0:J' MET(l' TF+ANSEORMER FP2l70.5l-"'3

TOt FE W7TJ 7,7 itF7)'
0:', 15b . 7 0. 5 03 .A- '-. u 4 -
2 :.'"7 ., "'-. 1~ .. -!2 -. m5I' -

1 '1 7 C -'C ('.1 7 , 4. -'

. C .- 1 .0 4. C0 ). 4 1 .i"-7 I jlQ5 2 @1

17 ".." 1' . 1 2...... ....
1- .' - ')-: = W-A .9 1:q Iii 0.53-

1 tI -
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F!R TOP 'OIL TEMP ERA. TURE . 9S] TL_2.r-- Ar ._ g ' n

A T 100. OF NA MEF!TE RAH 5 I
AMCRFHOUS METAL TFANSF'FMER P217061-vZn.

% RATED
FLUX FLUX RMS %
VOLTS VOLTS VOLTS CURRENT CURRENT WATTc'

20.7 16.7 2-0.4 ,. n-.005 .'

40.I 77.7 40, !.075 A.A! ",

60.0 ( 8 1 -. 02 -.Q 0,02 - 1

1 ' . 1 ' . , " '"' 7 -

110.0 Q1..7 1 !-0. 1 0.228 0.10'14

120.0 10).0 119.9 0. 469 ".2
125.0 104.2 125.1 0.77 0.19: 19'

170.0 108.3 130.1 1.459 ,76 '22.1

115. 112.5 135.6 4.785 2. 60 2L. -

TAPELE A. 11.4 g'-LOAi- LOSS wATLFRTI"O, DAKT'.

FOR TOP OIL TEMFER-ATURE STABILIZED ~T 10-5C AFTER L:A1D41-
AT 150% OF NAMEPLATE RATING.
AMORPHOUSJ METAL• TFANSFOMER P217061 -Y7

% RATED)
FLU' FLUX FMS %
VOLhTS VOLTS 'OLTS C.'FPE T C1FP'PET ._-,- -

20.0 16.7 20. 1. ,.005 1.1

40. 37.3 4-. ..0-4 01
607.0( 50.0!] 60_.0 0] r.0W 0 0,2 "4 --
90.0 6,.7 80.1 0 .10 0(* ,07 . .

9n,.'_: 75.0 po.,:- 0".1!24 .::.. 0.':. -

10 Q .0 8 7 . 10 0 . 0 . 16 1 ' _. ' - .-

110.0 91.7 109.8 ..268 0. 12 14.4

120.0 100.0 120.0 0.654 0.71 "-"
125.0 104.2 125.0 1 212 0.61 1Q'.7

130. 0 108. 170.2 .5.7 .'4 ,:..

1 75.0 111.5 15Q.8 8. 0 5.,, -' ..

"- rfr"4ECTFD ACCrOr'r HOi tn PNOT CV7. 17.90 -- 1"7- 77, 7
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TgFI.F A.ti. S NO-LQ(AP L OSE FATURAT~IO DATA

FOR TOP OIL TEMPERATIURE STABEILIZED A7F 22. ?r" , u 'rHQ t 4 -L--qF
STANDARD SILICON STEEL TRANSFORMER P29216-YOB.

% RATED
FLUX FLUX RMS %
VOLTS VOLTS VOLTS CURRENT CURRENT WATTS

20.0 16.7 20.4 0.197 0.016 2i 7
40.0 3,.23 40. 1 0.242 0.04 ,
6-.0 50.0 60.0 0.299 0.07 15.3
80. 0 66.7 80.0 0. 361 0.12 25
90.0 75.0 90. 1 0.402 0. 14 71.
100.0 83.3 99.9 0.463 0.19 7.-
110.0 91.7 109.9 0.618 0.27 49.7
120.0 100.0 120. 0 1.829 0.88 68.92
125.0 i04.2 125.2 4.447 2.23 9.
130. 0 108.3 131.0 7.611 3.99 138.6
132.0 110.0 133.9 8.537 4.57 161.8

TABLE A.11.6 NO-LOAD LOSS SATURATION DATA.

FOR TOP OIL TEMPERATURE STABILIZED AT 47.8C AFTER LEYDING
AT 50%. OF NAMEPLATE RATING.
STANDARD SILICON STEEL TRANSFORMER P2921 -vOB.

% FATED
FLUX FLUX RMS %4
VOLTS VOLTS VOLTS CUJRRENT CURRENT WATTS

20.0 16.7 20.. 0. 179 0.015 7.16
40.0 33.3 40.3 0.4 .4()4 7.
60.0 50.0 60.2 0.300 0.07 15.2
80.0 66.7 80.0 0 .358 0.11 24.9
90.0 75.0 90.1 0.399 0.14 321.0
100.0 83.3 100.0 0.458 0. 18 38.4
11).0 91.7 110.1 0. 62 0.27 48.3
120.0 i00.0 120.1 1.979 0.95 68.5
125.0 104.2 125.3 4.850 2.43 93.2
130.0 108.3 131.1 7.785 4.08 129. 1
132.0 110.0 134.7 8.892 4.79 Ib6.t-x

* CORRECTED ACCORDING TO ANSI C57.12.90 - 1980 SEC. 8..1
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,-7-L - , " 2-;- l- --. ~~T ~ T~

FOR TOP' OIL TEMFERATUFR:E STr8L7 ZE' T -T:.,A ....
AT 1.07. OF NAMEFLATE RATING.
STANDARD SILICON STEEL TRANSFORMER P279216-YCB.

% RATED
FLUX FLUX RMS %
VOLTS VOLTS VOLTS CURRENT CURRENT WATTS

6.77j720.4 1. 17 '. . --

6C). 5 . ' 60.2 . 89 0.7
:6C. 7 61.. E. .C1 7"!"W

90. z 75. " 8c'. 9 . 2
1C ) . 7. , 45 ,17 7

1.0 91.7 110. ! .6 9 '1 '7.7

120 C. 0 10:.0 12. 1 2. 096 1.[1 67

125 .0 10o4.2 125 . 5 8 2. 64 C? ,7.L
17. C 108.3 o3e. 8 7.90.) 4. 1. 14.0
132. c0: 110."0: 1 .--, 9.028 ' . ,'; 1 ~ -7

TABLE A.I!.8 NO-LOAD LOSS SATURATION DAITA.

FOR TOP OIL TEMFER;-ITUE STABILIZED AT 122C AFT' LnTfl'ZN,

AT 1507. OF NAMEPLATE RATING.
STD S [LICON STEEL T.A NSFOR E FC3 2rM2ER P

%RATED

FLUX FLIX RmS"
, T S '.,'0L T-r 3 YOLTS Cr F,,'E-'F r CIJrF'ENT 'J T T

-. c) 16.7 1 - - -5 -1 .

4).0 40. 1 ' 8 . .
60. 50.1 60. 1 -. 277 ,-. i-7'

80. C. 66.7 90. 1 ) 0 _. 1 0 C),
9(,'.(-) 75. 9(-.j 1.12 .!4 29.

I . - 8C) 10:). c) 4 D -. C l 9 -s7

11C.0 91 t 10. c) . 47 9 46.1
12 .. . I- ) I,! 22. 494 . .s

_'4.2 .. - 7 17 ! ' .

1-4. 7'I47-7

* r -O qF F 'rE -. .. CF5 D I - ! T O , -YI S T _," ' . 1 2 - ' '- " - 1 _ ' S E ; . ' -. " .
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TALE A. 11.11 :ERCENT EFFICIENCY - MEASUFED CA LULATED ;PLIES

FOR AMORPHOUS METAL TRANSFOPRMER ;2I!t -?ZA

MEASURED VALUES CALCULATED FROM COMMEFCTAL
(SEE NOTE) TEST REPORT (APPENDIX A.1I1

LOAD LOSS 7. NO-LOAD LOSS . EFFICIENCY "' EFFICIENCY Z EFFICIENCY Z EFFICiENCY
X LOAD (WATTS) iWATTS) PF : I PF = .8 LAS PF = I PF = .8 LAG

50 69.5 18.4 ?9.61 99.56
100 311.4 18.0 98.70 ().38 98.7 9.7

15: 805.0 17.7 %.88 %.13

TABLE A.11.12 PERCENT EFFICIENCY - MEASURED & CALCULATED VALUES
FOR STANDARD SILICON STEEL TRANSFORMEF P2Q2116-fOB

MEASURED 1ALUES ' CALCULATED FROM COMMEFCIAL
(SEE NOTE) TEST REPORT (APPENDIX A.11)

LOAD LOSS % NO-LOAD OSS 7 EFFICIENCY % EFFICIENCY 7 EFFICIENCY 7. EFFICIENCY
Z LOAD WWS) kWATTS) PF = I FF = .8 LAS PF = I PF .8 LAS

102.0 68.5 o.32 99.15
100 452.8 7.3 Q7% 7.47 8.00 ;.

150 1202.0 06.8 95.17 94.03

NOTE: 7 EFFICIENCY IS CALCULATED PER ANSI C57.12.95 SEC 14.3.
MEASURED VALUES ' OF Z EFFICIENCY ARE CALCULATED USING THE

FIRST THREE COLUMNS OF DATA. "' LOAD AND LOAD LOSS VALUES ARE
FROM TEMPERATURE RISE TESTS iSEE THIS APPENDIX). NO-LOAD LOSS

VALUES ARE FROM THE SATURATION CURVES fSEE TABLES A.1l.1 THRU

A. 11.2).
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WESTINGHOUSE DTD COMMERCAL TEST REPORPT ,AE

CONDITION: FOLLOWING SATURATION CURVES

STYLE: G.E. 25VA STANDARD SILICON STEEL POLE TYPE

4 l : 41,':l 75V PTL SERIAL *:P2T;216-i'2

RATIO PASS * HV RESISTANCE (OHMS) 6.4

POLARITY PASS * LV RESISTANCE (OHMS) 0.01924

F!iLL AHVE IMPULSE PASS * I SQUARED P LOSS ATTS) 47'.9

A FFL IE D PO TE NTI",AL - HLIC PASS * STRAYS 13.1

APPLIED POTENTIAL - LHIC PASS * LOAD LOSS WATTS) 451.0

INDU--CED POTENTIAL - 40,, qZ PASS TOTAL LOSS iW4TTS) 51,q.-

NL LOS fwT5 i7 RESISTANCE 1.80

SEi[ITING CURRENT 0.31 ~ RACAC

EF~ICIENCY 4 PF:I ?8.;) ! MPEDANCE 19

EFF!CIENCY PF=.S 7. REGULATION PFzI .3

REGULATION PFz.g -.'2

TEST 'ENSINEEF: CORRECTED TO 85 DEGREES" C
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----- - -- -- --- -- - - ---' - -- - - - --

COND:TION: FOLLOWING SATUPATION uR'ES

.... G.E. 2kVA AMORPHOU3 METAL POLE TYPE

S ' ,4 1.,; Th -E L 4: I '- -

'ATIO PASS * HV RESISTANCE ;CHMS,.

POLARIT. PASS * LV RESISTANCE (OHMS) C.

!-LL WVE :,'FLLSE PASS * I SLUAFED "' LC .TT ' :,

,rPL!ED p'TENTIAL - HLID EAS.. * STE: lS ,-

APPLIED POTENTIAL - LHIC PSS * LOAD LOSS IWATTS

.
.JN r TE"iTIAL - 4 I K FA S TOTAL LOSS 7'WATT. Tll

L 7:5 TTS ENT * ESIETANCE

-E._.IN tUF ,iT * " REACTANCE -'

EKrIEND' P1= %. - > FED ANCE -42:

HRLT.4 R I
- -E-L-LAT N - - ---
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Appvendix C

PHOTOCRAPIIS OF AMORPHJOUS METAL-CORE TRANSFORMER TEST INC



i giI rC~ V-I. 2S~-k%7A amorphous lntaI-oetfh~bierW II~ Tifl CMO

A [ r V A ?-111 1)1 il-0 - 1 f 1



gil" t-3.25-kVA amnorphouis i-e(tii1-e-ore, trnnsforn s lumdergc) ng

commi-r(1 nl 1 tsts ait trims frmor 1 1nt

(:77-



Figimrc C-5. In~frared scanniing test of 25-kVA nmorpihous mounl-core
transformer (]left) and a 25-kVA siliron-stoo trnsformer

Figuro C-6. r;erewrnl Elrct vic enginoers ilspoceting tho hot toni frIim

i( (.ornini irt box of n 23 )-kVA nmorphiois mot ii -(-oro

tr ii,,r f ) F o r f or )!Tiorl)lioTi,; mot ; 1 I r t i uIes



F igilre C-7. Sv(,rail amorphious motal part ir I e found onf tho coro of a
25-kVA nimorphoius metal rorp transformer

I yIt l' Amorphiu' In,,tn (11 i 1) 11 the ( ore ofi 2)k\ A nmorp~lls
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Figure C-9. Several amorphous mntal particles found in the bottom
frame of a 25-kVA amorphous metal-core t ransformor dlring
Phase I testing.
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Figuire C-Il. A 25-kVA amorphous metal-
core transfortaer undergoing a h-foot
drop 'est.
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TA BLE A.1.11.. NO-DOAD LOSS A-TUFATIC.I DATA
'-! I_-F' OF[L T:TMPE I'.,r FHV'I._- 2V3TE.[T'-F[ ,.-, _ o 'S:: 'I U f':. l I i;

, t .br-b ', 1E ', T l ,, .SF~ I' "r ,-;' U 11 --F

'A FED RATE-
FLUX FLUX EXCII NG

0L- 1]V 0 .DLT'- R .'v Cli RTR( EI NT I [IF'FE I T W4F FT'
2 0 .C :,l <_ C) C 1). 1. - 2'C; I ), -1,

:o_,n:":.. , : . -7 :,: 3 .' ::C d ', I. k :: .,,!_, : ,4':,

C)t.( 7C) Otn -(, 0C) 0 C. ,Ct1 1 7 C)C)
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TABLE A.1.1I.5 NO-LOAD LOSS SATURATION DATA

ROF' TOP OIL T-EMPER4i51E BIL I7Eit . 2.,7 1-3 T WITH iD UKA4

STANDARD SILICON STEEL TRANSFORMER F 239215-YOD

"RATED % RATED

FLUX FLUX EXCITING

VOLTS VOLTS RMS VOLTS CURRENT CURRENT WATTS

20. ) 16. 700 2C'. 400 0.197 0 09- 2l

4(' . 000 ,.. 700 4C). If-, 4' '.116 7 Cw- ,

60.0 5C.. C)t) C.) '0 .9 0.144 5 ,

80 .C)00 66. 700 80(00 0.61 0.17 25.5 0
-p0 C00 7 5j 90 '40 C) C) C1 ....

110.00 91. 700 109.9 00 18 ',. 2f? 45'700
20.C)00) 10C0C,.00)0C 120.00 1.829 0.7C 6.

2C) C)5.7 4,447

D-



TABLE A 1.11 N U N- I VD L 0SS SAT..AT[i CAiA

S T ANDAPD '[I7 L3 -7E EL TRi SFOR ER -,0

F L U X F L I J EA C I T I N.G

' L -, F T 0  C U f- Ff. -1 II'-ENT W-tT I

"') O. )-:: 6C ) 2(C)i 'i 3 144 1=

,, I IV j , 4 , ,
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TABLE LA -I Q7 NO3-LOA D LOSS-; SATUTIO N 04V,
PARK TOP OIL TFWVFRVR SOI I-n &T~t -X qV I~ prC-

STNDARDL 17 ION S F FL Vk-TSFQVI'lF F F

FL- S .U 1 - F iN

-. 1 7. , n,' i



T r-LE A.IW -N-L'AC S OSO AiTURA2TI-N DATA
FOBP TOF- C IL VF ,i-EF- T 'L '-T-AB'.I_.IZEC <[ F I _ ; OF -C,--[V F ' L. . F -i!

TAS. O 1 A1F'L : ,I' I

:)T, ID D A L ICON .... EL TF",NSFO MEFP F -l-21&-' O-

%RA T n 
D RA TF _L

FL F L U X I C I T I N O
F; LTS VDL , F IS YUL T7S; UR FEiJ-T JRFENT vA FTA

V ,, .. . . : :'.4 fl". ,.. - '' : I...._S 
'  _.' l t _"'"t-) A k 1 k ) , f. ' 7 17- 1 . '- :kU

1' ,j 4 , 16J ' .t

D-I'"



-M 0F,; S I L I CO0N SE I 1,4M t'IOFFH D -LI .I 1 -i 1E
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CURRFENT C URF-:E N ICL I:RR ENIT L 0 O3 L. 0 S El L 0E3S FL 11
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AMORPH SILICON SI/AM AMDRPH SILICON AM/SI

E.I CTG EXCITG EXCITG NO-LOAD NO-LOAD NO-LOAD :F4TF7

CURRENT CURRENT CURRENT LOSS LOSS LOSS FLU,-,

150%LOAD ±5O%LOAD 150%LOAD WATTS WATTS WATTS VOLTS
0.061 0.156 2.557 1.100 2.200 0.500 1 6.70)

0,074 0.218 2.946 1 000 0.900 0.45 7 .30

0.086 0.277 1.221 5 400 13.900 0.388 50. (
0.1096 0.340 3.208 8.300 2-3 :.500 0.353 66.70(,

0.124 0.382 7.0%! q.900 29.500 0.336 75.500

0-. 1 0 03.450' 2.3911 11.700 76,700: 0.73 '.-7.3'.".

0.262 0.649 2.477 14 400 4b.500 0 310 91.700

0.654 2.494 3.81 v1700 66.800 0 265 100.00r,
Y,210E . ...7 -'5 5 !Q lq-""-_ '. 700". 54..500 0.:'2%"- i04.20,'_

5,.5t-7 8.514 2.407 2.1-.00 152.200 0.152 1'08.300

8.956 9.478 1.05S 79.900 174.5'00 0.458 112.5'00
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Appendix E

GENERAL ELECTRIC COMPANY TEST REPORT NO. 88-AMT-001

Amorphous Metal Distribution Transftrmer 3-Foot Drop Test

(Printed by permission of General Electric
Company, July 1989, distrihution unlimi.ted)
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GE Transformer
Business

February 10, 1988

Mr. Guy V. Urata
Naval Civil Engineering Lab
Code L72
Port Hueneme, CA 93043-5003

Subject: Amorphous Metal Distribution Transformer,
3-Ft. Drop Test Report 88-AMT-001

Dear Mr. Urata:

Per Mr Westhaus' request, i've orepared the suoject test report
88-AMT-OlI, which documents the 3-ft. drop test on three GE Amorphous ,etai
Cored Distribution Trapsformers. This test was performed at the GE
Distribution Transformer Plant, Hickory, N. C. on April 22, 1987. Mr. John
Franchi. of NCEL witnessed all test operations, as well as post drop test
examination of the interior assemblies. In addition, Mr. Robert Wright of
NCEL took both still photos and video tapes of these operations.

WA are very pleased on the outcome of this 3-ft. drop test. It
verified once and for all the structural integrity of GE's amorphous metal
cored distribution transformers. Please call me if you have any questions.

Sincerely yours, /

Albert C. Lee
Senior Development Engineer

1/021088-i

o.s.: Computer tabulation of initial factory test results on h"e three
transformers is also attached.

cc: Randy Westhaus
Advance Technology, Inc.
751 Daily Drive, Suite 220
,'amarI 1 , CA 93010

john Franchi
Naval Civil Engineering Lab
Cuue L72
Port Hueneme, CA 93043-5003

R. M. Carr-GE Cor'oany

9350 1air Drive
Monte. CA 91731
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GENERAL ELECTRIC
DIST1IBUTION TRANSFORMER BUSINESS DEPARTMENT

Test Record

Subject Amorphous Metal Cored Report Number

Distribution Transformers 88-AMT-001

Title Static Drop Test, 25 kVA Date 2/8/88

Object To confirm the structural integrity of amorphous metal cores usea in
distribution transformers by dropping them vertically from a height of three ft.
onto a concrete pavement. This DROP TEST is considered as a DESTRUCTIVE TEST.

Test Equipment Pole-type distribution transformers(Tr GE TS360 OA25LAO with
voltageptings of 41S0/7200Y-!20/240. S/N P217061 P265882 and
P265885' '. All three transformers completed a trucking round trip LAtween
Hickory, N. C. and Naval Civil Engineering Lab (NCEL) in Port Hueneme, CA (A
total shipping distance of 5000 miles). Notes: i) core has no encapsulant at
joint area; 2) core has encapsulant at joint area.

Test Method DROP TEST was conducted at Hickory, N. C. on April 22, 1987. it
consists of lifting the transformer to a three foot height and hanging in air by
means of a steel wire. The wire was then cut and allowed the transformer to
drop squarely c._ ) the concrete pavement. See photos 1 & 2.

After completion of the 5000-mile shipping distance and after the
DROP TEST, each transformer was untanked, and the interior assembly was examined
for any sign-of damage and any presence of amorphous metal particles and chips.

Each transformer was given a commercial electrical test in the factory
before and after the DROP TEST. Tests were also performed in the Dev. Lab.

Results S/N P217061 S/N P265882 S/N P265885
1.Elect.* Factry Test Lab Test Factry Test Lab Test Factry Test Lab Test

Watts Amps Watts Amps Watts Amps Watts Amps Watts Amps Watts Amps

Before: 18.7 .29 18.2 .37 13.0 .25 14.5 .27 14.3 .27 14.5 .34
After: 17.6 .29 18.1 .41 13.9 .26 14.2 .28 13.6 .24 14.1 .32
Change% -5.6 -0- +0.55 +11.1 +6.9 +4.0 -2.1 +3.0 -4.9 +11.1 -2.8 -5.9

2.Mech.**
a. Tank bottom "bulged" Tank bottom "bulged" Tank bottom "bulged"
b. Top clamp bent Top clamp bent Top clamp bent
c. --- HI HV bushing broken ---

3.AM Metal - Particles & Chips
a. None in oil None in oil None in oil
b. 7 small chips inside 4 small chips inside 1 small chip inside

bottom chip contain- bottom chip contain- bottom chip contain-
ment box. ment box. ment box

* (See computer printouts) ** (See Photos 3,4 & 5)

C.nclusions (1) Amorphous metal core, with & w/o encapsulant over the cut joint
area, remains structurally sound after a 3-ft. drop; (2) Electrical performance
remains essentially unchanged after a 3-ft. destructive DROP TEST; (3) The
effectiveness of chip containment box was demonstrated; and (4) in spite of tank
deformation and clamp damage, all 3 transformers remain functionally good
(exceot broken HV bushing must be replaced).

GENERAL ELECTRIC CO /
P 0. BOX 2188HICKORY, NC 26801 ENGINEER Albert C. ee ITLE S. Dev. Eng. LGF C
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88-AMT-00 1
Page 4 of 6

A. After 5000-mile Shipping Distance & Before 3-Ft. Drop Test

3 E 2...U. ' -'q, ,,- -: ,-A-,,"

1:1

I ' L" .F T 41 M -C I N1, P -iF L iZ .l. V :. ,, ', .'.7 , -" -
' 

-
"  

- -.. .- "

C.1; L.EFT € t1F'& =-f' ,. i . N - T-,,', "EhF V , <, ' 3 - - -

b. After 3-Ft. Drop Test

S-L-Y;, NCu :I 7 'c -- , .NC, i1€ ~t0 .,'L C,' -- TiNY A 2401 1.9.A2

wJHTTE CLIAr .t' 77'. -AF'R-87 T IME i-; : "

L LI U) '/ I S V A M F' S W A T T S

-V X ' T TION 240o,: 24 , '2,29' t',c3, R.!~ = i -:T -

,T : ~ -1C -

H, H I P'OT

MF'L!L5E-: K ; 1, i :- ' .*,, = , , XI 0 : ,, -A - . ,-,

C 1: LEF F'S ="-

MODE -



88-AMT-001
Page 5 of 6

A. After 5000-Mile Shipping Distance & Before 3-Ft. Drop Test

L4HI TF QUDI DA~TE II -A~PR-. TIME 4

FLXV RMV MPS WJATTS

E±XCI TATI ON 241. * 244. 3.2 130 NAT

IMPEB~4NCE .7 10.'- *35 25. +jr'Emp.
VTTAL W4TTtS A- 35C -l. i mp

£AV HPOT NY 0. 0~r

HY H IPOT KlY 26.0 (

IMPULSEi 40 H! =~ "j,S X = 01 Xf, Q~u n! PAR-

OIB LEFT AMP'S = 0.0 MtAIN 5. TEMP 0,u.0 LIGHT ';:CN

FAILURE MOK: PAiSSED~ UNIT

B. After 3-Ft. Drop Test

~SE . NG. r2~&S2-YRP T *,NO 36(21ADOtA25LL,4 KYA 25 RA7(1 NO .7AC' -- l

WHITE CktAD DATE 22AF17-7 QIME 1:17~:60

VLUXV RMSV AMS WATTS

EXCITA ~TION' 240.6* 243.5 J .26 13. ' RA~TIO~- J.75

iMPENANL n,777 10 .9 -Emsr

HTOT WAT~ A10.0E.7im

HY HIPOT KV i 0. I"

.iMFUL$F KQ Hi '72.5 X~3 0.0 X1 = 0.0 Hl P'AR

C1P LEFT 4MRS 02.0 MiATN C'.0 7ENr-- -9- 1IGHT

FAILLURE M1ODE "SEI 'NI,



88-AMT-O0l
Page 6 of 6

A. After 500(l-Ml1e Shippinq Distance & Before 3-Ft. Droo Test

SER.NO. F*265885-YR-P T, ,.NO. 360IADOA25LAOL KVA 25 RATING 240" 4160

RED QUAD DATE 21-APR-37 TIME i2:31# 3 1

FLUXV RMSV AMPS WATTS

EXCITATION 241.0 244.0 0.27 14.3 T1J = 1 ....

INDUCE 480.1 0,88-22.5

IMPEDANCE 5.71 103,69 254. . TEMP =

TOTAL WATTS C85 326. , % -

LV HIPOT KV 10.0

HV HIPOT KV 25. IFSS

IMPULSE KV HI = 92.7 X3 = 0.0 Xl = 0." ct I PA R,')

CB RIGHT AMPS w 0.0 MAIN = 0.0 TEM" = 0.0 LIGHT = -, ONE

FAILURE MODE PASSED UNIT

B. After 3-Ft. Drop Test

SER.NO. F26588-'.RB T.S.NO, 3601ADOA25LAOL KVA 25 RATING 240.' :6

GREEN QUAD DAT-E 22-APR-8- TIME 1531:20

FLUXV RMSY AMPS WATTS

EXCITATION 240.6 243.5 0.24 13.6 RATIO 4 7 -.35

INDUCE 480.2 0.85 !9. c

IMF'EDANCE 5,7! 104.00 259.9 = _r,-A

TOTAL WATTS @ 85C 326.5 IMP = -,0

LV HIPOT KV 10.0

HV HIPOT KV 25.9 S

IMPULSE KV Hi = 92.8 X3 = 0.0 X1 0.0 HI FAR = .s-

Cp RIGHT AMPS 0.0 MAIN = 0,0 TEMP 0.v LIGHT N i:

FAILURE MODE PASSED UNIT
E-1.0
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